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1. Introduction
The lightest neutralino is one of the strongest candidates to explain dark matter. It natu-
rally fits the definition of a weakly interacting massive particle (WIMP) and is the lightest
supersymmetric particle in many models in the literature. Furthermore, the lightest super-
symmetric particle (LSP) is stable in most viable models involving supersymmetry. These
properties allow the neutralino to provide a significant fraction of critical density to the
universe. Throughout this paper, we assume that the lightest neutralino is the LSP and
that it is the dark matter candidate whose relic density we will be calculating.
Measurements of the dark matter relic density are becoming a powerful constraint on
all extensions of the standard model of particle physics. Recent improvements in these
measurements allow dark matter densities to be even more discriminating [1]. In the most
studied extension, mSUGRA, only a few viable regions of parameter space are left [2, 3].
Thus, it is becoming increasingly important to have accurate calculations of the dark matter
density.
In this paper, we present analytic cross sections for all tree level neutralino-neutralino
coannihilations [4, 5] in the MSSM for general neutralinos. Since our calculations allow
the possibility that the two interacting neutralinos are not identical, our results include
and generalize previously published expressions. In an effort to standardize the notation
of neutralino cross section calculations, and for ease of comparison, we closely follow the
notation of [6]. We also make no simplifying assumptions about a given MSSM model
beyond neglecting most of the CP-violating phases in the SUSY sector. That is, we make no
additional assumptions about the neutralino, chargino, or sfermion sectors. We also include
all s-channel widths. Thus, these results provide a step forward towards a complete analytic
calculation of the neutralino relic density without using the normal velocity expansion.
Additionally, these results are valid regardless of proximity to resonances and final state
thresholds. However, coannihilations between the neutralino and a chargino, a neutralino
and a sfermion, and two charginos can also be important in relic density calculations.
Results for squared matrix elements involving stau and stop coannihilation can be found
elsewhere in the literature [7, 8, 9]. Complete cross section expressions involving charginos
will be presented by the authors in the future.
The calculated expressions are voluminous. The size of the expressions and the varying
conventions in the literature forbid most direct analytical checks. However, as we have
taken steps to follow most conventions of [6], we are able to check our answers in the limit
of the two initial state neutralinos being identical. Our results match exactly.
In addition to including the standard neutralino relic density contributions, these ex-
pressions also include contributions which are important when the mass of the next-to-
lightest neutralino is approximately degenerate with the lightest neutralino. In mSUGRA,
this occurs in the higgsino-dominated region of parameter space characterized by large
m0 [10]. As m0 is increased, the µ parameter eventually falls, leading to high higgsino
content. If m0 is increased even more, it quickly becomes impossible to achieve correct
electroweak symmetry breaking. This difficulty in acquiring neutralino mass degeneracy
in mSUGRA is directly related to having universal gaugino masses at the SUSY-breaking
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scale. In contrast to mSUGRA, many models in the literature, including models derived
from the heterotic string [11, 12, 13, 14] and the Type-I superstring [15], generically have
non-universal gaugino masses. Non-universal gaugino masses allow for larger sections of
parameter space where the two lightest neutralinos are almost degenerate. The dark matter
prospects of non-universal gaugino masses have been studied in [3], where it was pointed
out that such models compare quite favorably with mSUGRA in terms of both motivation
and neutralino relic density.
The outline of the paper is as follows. In Section 2 we review the relic density calcu-
lation. Here, again, we follow the format of [6], which uses the simplifying work of [16, 17]
to motivate the format of the cross sections. In Section 3 we present the cross section ex-
pressions for all tree level coannihilations of two neutralinos. These expressions are exact
and include integration over the final state angular distribution. Since they are exact, they
can be used even when the masses of the two neutralinos are far from degenerate. This
allows the expressions to be used for purposes in addition to relic density calculations. We
conclude in Section 4.
2. Review of the Relic Density Calculation
The calculation of a relic density from thermal considerations is standard [21]. One starts
with a theory that contains a particle expected to have a significant relic density. One
wishes to calculate the particle’s contribution to the total matter density of the universe,
Ωχ = ρχ/ρtot = mχnχ/ρtot. This number is then compared to the current experimental
bounds on a particle’s relic density. The limit for the dark matter density is generally taken
to be 0.1 ≤ Ωχh2 ≤ 0.3 though more aggressive limits have been promoted [1].
The initial number density of the neutralino is assumed to be determined because the
particle is in thermal equilibrium. When the particle begins in thermal equilibrium with its
surroundings, interactions that create neutralinos usually happen as frequently as reverse
interactions which destroy neutralinos. Once the temperature drops below T ≃ mχ, most
particles no longer have sufficient energy to create neutralinos. Now neutralinos can only
annihilate, and these annihilations occur until about the time when the Hubble expansion
parameter becomes larger than the annihilation rate, H ≥ Γann. When expansion dwarfs
annihilation, neutralinos are being separated apart from each other too quickly for annihi-
lation to be efficient. This happens at the freeze-out temperature, usually at TF ≃ mχ/20.
In most relic density calculations, the only interaction cross sections that need to be
calculated are annihilations of the type χχ→ X where X is any final state involving only
standard model particles. However, there are scenarios in which other particles in the
thermal bath have important effects on the evolution of the neutralino relic density. Such
a particle, called a coannihilator, usually must have direct interactions with the neutralino
and also must be very nearly degenerate in mass. When this occurs, the neutralino and
all relevant coannihilators form a coupled system. In this section, we will denote particles
belonging to that coupled system by χi. Now all interactions involving particles in this
coupled system come into play, including χiχj → X, χiX → χjY , and χi → χjX. Here
both X and Y denote states including standard model particles. Decays once again enter
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the calculation because the coannihilators are generally not stable and eventually decay
into the lightest neutralino.
The effect of this coupled system on the relic density of neutralinos can best be under-
stood through a consideration of the freeze-out temperature. Because these coannihilators
have essentially the same mass as the neutralino and share common interactions, they re-
main in thermal equilibrium for about as long as the neutralinos. The neutralino can thus
interact through more channels with more particles than in the usual single-species anni-
hilation scenario. This raises the effective annihilation rate, so the determining equation
for freeze-out (H ≥ Γann) is satisfied at a later time and a lower temperature. The neu-
tralino is nonrelativistic during freeze-out, so its equilibrium number density is decreasing
exponentially with decreasing temperature. Since coannihilation keeps the neutralino in
equilibrium down to a lower temperature, the number density at freeze-out is lower. This
lowering of the number density is the most relevant effect of coannihilation [4] and can
have drastic consequences for the viable parameter space of many supersymmetric models.
In the MSSM, many particles can serve as the coannihilator: the lightest stop, the lightest
stau, any of the other neutralinos, or either of the charginos. The cases of the stop and
stau have been studied extensively in the literature [7, 8, 9]. Here we study the case of
coannihilation between the lightest neutralino and another neutralino, reserving presen-
tation of the results for coannihilation between the lightest neutralino and a chargino for
future work.
For the case without coannihilations, evolution of the particle number density happens
in accordance with the single species Boltzmann equation:
dn
dt
= −3Hn− 〈σv〉
[
n2 − (neq)2
]
(2.1)
The number density is reduced by Hubble expansion and annihilations of the relic particle.
The number density of the relic is also affected by its own decays and inverse annihilation
processes. In most cases, including the versions of the MSSM studied here, the relic particle
is assumed to be stable, so relic decay is neglected. In the above expression, we have also
assumed T invariance to relate annihilation and inverse annihilation processes. As noted
earlier, the thermally averaged cross section 〈σv〉 involves only processes such as χ01χ01 → X.
In the presence of coannihilators, the Boltzmann equation becomes more complicated
(Equation (27) from [17]):
dni
dt
= − 3Hni −
N∑
j=1
〈σijvij〉
(
ninj − neqi neqj
)
−
∑
j 6=i
[
〈σ′Xijvij〉
(
ninX − neqi neqX
)− 〈σ′Xjivij〉(njnX − neqj neqX)]
−
∑
j 6=i
[
Γij (ni − neqi )− Γji
(
nj − neqj
)]
(2.2)
Here i and j can denote the relic particle or any possible coannihilators. The velocity vij is
the relative velocity between particle i and particle j. The first cross section σij is a sum
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over final states of processes such as χiχj → X. σ′Xij is a sum over standard model final
state particles of χiX → χjY . The Γ terms describe possible decays of the coannihilators
χi → χjX.
One uses the different stability properties of the relic particle and the coannihilators to
simplify the expression. As stated above, the relic particle is generally assumed to be stable
(usually from R-parity in the MSSM). The coannihilators’ decay rates are also generally
quite fast compared to the age of the universe. In the MSSM, R-parity also guarantees
that each coannihilator will eventually decay into standard model particles and the lightest
neutralino (being the LSP). Since the LSP is the relic particle that we are interested in, we
can sum the Boltzmann equation over the index i to get an equation for the final number
density of the relic particle [4]. Now we use n =
∑N
i=1 ni. The terms in the second and
third lines now cancel, so we have:
dn
dt
= − 3Hn−
N∑
i,j=1
〈σijvij〉
(
ninj − neqi neqj
)
(2.3)
To a very good approximation, one can use the usual single species Boltzmann equa-
tion for the case of coannihilations if the following replacement is made for the thermally
averaged cross section:
〈σv〉 =
∑
i,j
〈σijvij〉n
eq
i
neq
neqj
neq
(2.4)
The thermally averaged cross section deserves careful treatment. For scenarios involv-
ing coannihilations, the expression for the thermally averaged cross section begins as a six
dimensional integral, seven dimensional including the integration over the final state angle.
This integral has been conveniently put into the form of a one-dimensional integral over
the total squared center of mass energy [17]:
〈σv〉 = 1
8m4χT
∫∞
4m2χ
ds s3/2
∑
i,j β
2
f (s,mi,mj)
gigj
g2χ
σij (s)K1
(√
s
T
)
(∑
i
gi
gχ
m2i
m2χ
K2
(
mi
T
))2 (2.5)
Here σij (s) is the sum of all cross sections for any process χiχj → X and βf (s,mi,mj) is
a function related to the incoming and outgoing momenta:
βf (s,mi,mj) =
1
s
√(
s− (mi +mj)2
)(
s− (mi −mj)2
)
(2.6)
Consideration of 2-body final states is sufficient for almost all relic density calculations,
that is what we consider in this paper. Part of the integrand can be written in the form:
s
2
βf (s,mi,mj) σij (s) =
1
32pi
∑
f1f2
[
c θ
(
s− (mf1 +mf2)2
)
βf (s,mf1 ,mf2) ω˜ij→f1f2 (s)
]
(2.7)
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Here c is a color factor, equal to three if the final state is a quark-antiquark pair, equal to
one otherwise. θ
(
s− (mf1 +mf2)2
)
is the usual step function to enforce the hard lower
limit on the squared center of mass energy. The ω˜ functions are the squared amplitudes
averaged over the final state angle:
ω˜ij→f1f2 (s) =
1
2
∫ +1
−1
d cos θCM |A (ij → f1f2)|2 (2.8)
Computer codes exist which numerically perform this final state angular integration. Some
codes include only a subset of all possible coannihilation channels [18, 19] while the pro-
gram micrOMEGAs includes all relevant coannihilation channels [20]. We have performed
the integration analytically, thus reducing the number of necessary numerical integrations
and allowing for easier analysis of relic density properties. The next section lists these
ω˜ij→f1f2 (s) functions for all possible 2-body final states from neutralino (co)annihilation.
Once the effective thermally averaged cross section has been determined as a function
of temperature, it is used to iteratively calculate the freeze-out temperature. In practice,
the dimensionless inverse freeze-out temperature xF = mχ/TF is calculated using:
xF = ln
(
0.038 g mP lmχ 〈σv〉√
g∗ xF
)
(2.9)
Here mP l is the Planck mass, g is the total number of degrees of freedom of the χ particle
(spin, color, etc.), g∗ is the total number of effective relativistic degrees of freedom at freeze-
out, and the thermally averaged cross section is evaluated at the freeze-out temperature.
For most cases in the MSSM, xF ≃ 20.
When the freeze-out temperature has been determined, the total (co)annihilation de-
pletion of the neutralino number density can be calculated by integrating the thermally
averaged cross section from freeze-out to the present temperature (essentially T = 0). The
thermally averaged cross section appears in the formula for the relic density in the form of
the integral J (xF ) =
∫∞
xF
〈σv〉x−2dx as
Ωχh
2 = 40
√
pi
5
h2
H20
s0
m3P l
1(
g∗S/g
1/2
∗
)
J (xF )
, (2.10)
which is commonly given as
Ωχh
2 =
1.07 × 109GeV −1
g
1/2
∗ mP l J (xF )
. (2.11)
This is the expression that one compares with the relic density limit of 0.1 ≤ Ωh2 ≤ 0.3.
Once a freeze out temperature has been determined, one must still integrate over x to
determine the relic density. In practice, these integrations are usually done numerically.
Previously, it was also necessary to integrate over the final state angular distribution. The
results listed in the next section, along with those of [6, 7], have already performed this
angular integration. Our results also represent a significant step towards a full tabulation
of all analytic cross sections relevant in the accurate determination of a relic neutralino
density.
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3. Exact Cross Section Expressions
In this section we list all possible ω˜ functions for two neutralinos (co)annihilating. All of
these processes involve exchange via s, t and u-channels. We use the following definitions
for the sum and difference of the neutralino masses:
σ = mχ0i
+mχ0j
(3.1)
δ = mχ0i
−mχ0j
We refer the reader to [6] for the definitions of the Ti and Yi functions. Since we
are studying a generalization of the processes studied in [6], their definitions for particle
couplings are also used here. Furthermore, we suppress most of the functional dependence
of the F functions. The suppressed dependencies are apparent from the Ti and Yi functions.
We also refer the reader to [6] for an explicit listing. However, there are some places where
the difference between the two neutralino masses comes into play. If the function F (listed
in [6]) is defined in terms of the incoming (p) and outgoing (k) CM momenta as F = 2 k p,
then the only important difference is in the function D:
D (s, x1, x2, y1, y2) =
x1 + x2
2
+
y1 + y2
2
− s
2
− (x1 − x2) (y1 − y2)
2s
(3.2)
Here x1 and x2 are the incoming squared particle masses and y1 and y2 are the outgoing
squared particle masses.
χ
0
i χ
0
j → hH
Contributions to ω˜ come from s-channel Higgs boson exchange, t- and u-channel neutralino
exchange and cross terms
ω˜χ0iχ0j→Hh = ω˜
(h,H)
Hh + ω˜
(χ0)
Hh + ω˜
(h,H−χ0)
hH : (3.3)
S-channel CP-even Higgs bosons (h,H):
ω˜
(h,H)
Hh =
1
2
∑
r=h,H
∣∣∣∣ CrhHC
χiχjr
S
s−m2r + imrΓr
∣∣∣∣
2 (
s− σ2) ; (3.4)
T- and U-channel neutralino:
ω˜
(χ0)
Hh =
1
2
4∑
k,l=1
(
mχ0
k
mχ0
l
IhHkl +mχ0
k
JhHkl +K
hH
kl
)
,
(3.5)
where
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IhHkl =
s2 − s (σ2 + δ2)+ σ2δ2
s
[
CTHhT0 − CYHhY0
]
(s, σ, δ,m2h,m
2
H ,m
2
χ0
k
,m2χ0
l
) ,(3.6)
JhHkl =
1
4s
(
−8CTHhsσT1 +GJ,T (0)Hh T0
− 4CYHhsσ
(Y1 + (s− σ2)Y0)) (s, σ, δ,m2h,m2H ,m2χ0
k
,m2χ0
l
) , (3.7)
KhHkl = −
1
16s
[
16CTHhsT2 +GK,T (1)Hh T1 +GK,T (0)Hh T0
+ 16CYHhsY2 − 8
(
CYHh − 2CY ,1Hh
)
σδ
(
m2H −m2h
)Y1
+ CYHhG
K,Y (0)
Hh Y0
]
(s, σ, δ,m2h,m
2
H ,m
2
χ0
k
,m2χ0
l
), (3.8)
and
G
J,T (0)
Hh = 8C
T ,1
Hh δ
(
m2H −m2h
) (
s− σ2)
+ 2CTHhs
(
2
(
m2H (σ − δ) +m2h (σ + δ)
)− σ (σ2 − δ2)) , (3.9)
G
K,T (1)
Hh = 8C
T
Hhs
(
2
(
s− (m2H +m2h))+ σ2 − δ2)+ 16CT ,1Hh σδ (m2H −m2h) , (3.10)
G
K,T (0)
Hh =
1
s
(
CTHhs
2
(
(σ − δ)2 − 4m2h
)(
(σ + δ)2 − 4m2H
)
− 8CT ,1Hh σδ
(
m2H −m2h
) (
s
(
2
(
m2H +m
2
h
)− σ2 + δ2)
− 2σδ (m2H −m2h))) , (3.11)
G
K,Y (0)
Hh = s
((
δ2 − 4m2H
) (
δ2 − 4m2h
)
+ 8σδ
(
m2H −m2h
)
+ 2σ2
(
2
(
m2H +m
2
h
)
+ δ2
)− 3σ4)
− 4σδ (m2H −m2h) (2 (m2H +m2h)+ σ2 + δ2) , (3.12)
and here we have defined the coupling functions as
CTHh = C
T ,1
Hh + C
T ,2
Hh , (3.13)
CT ,1Hh = C
χ0iχ
0
k
h
S C
χ0
k
χ0jH
S
(
C
χ0iχ
0
l
h
S
)∗(
C
χ0
l
χ0jH
S
)∗
, (3.14)
CT ,2Hh = C
χ0iχ
0
k
H
S C
χ0
k
χ0jh
S
(
C
χ0iχ
0
l
H
S
)∗(
C
χ0
l
χ0jh
S
)∗
, (3.15)
CYHh = C
Y ,1
Hh + C
Y ,2
Hh , (3.16)
CY ,1Hh = C
χ0iχ
0
k
h
S C
χ0
k
χ0jH
S
(
C
χ0iχ
0
l
H
S
)∗(
C
χ0
l
χ0jh
S
)∗
, (3.17)
CY ,2Hh = C
χ0iχ
0
k
H
S C
χ0
k
χ0jh
S
(
C
χ0iχ
0
l
h
S
)∗(
C
χ0
l
χ0jH
S
)∗
; (3.18)
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Higgs (h, H)-neutralino cross term:
ω˜
(h,H−χ0)
hH =
1
4s
4∑
l=1
∑
r=h,H
Re



 ChHrS Cχ0iχ0j rS
s−m2r + imrΓr


∗ (
Cijl+ G
C+
hH + C
ijl
− G
C−
hH
) , (3.19)
G
C+
hH = − 4sσ +
(
4mχ0
l
(
s2 − sσ
(
σ +mχ0
l
))
+ s
(
σ
(
2
(
m2H +m
2
h
)
+ δ2
)− σ2)
− 2σδ (m2H −m2h))F [s, σ, δ,m2h,m2H ,m2χ0
l
]
, (3.20)
G
C−
hH = δ
(
s− σ2) (m2h −m2H)F [s, σ, δ,m2h,m2H ,m2χ0
l
]
, (3.21)
where the coupling functions are
Cijl+ = C
χ0iχ
0
l
H
S C
χ0
l
χ0jh
S + C
χ0iχ
0
l
h
S C
χ0
l
χ0jH
S , (3.22)
Cijl− = C
χ0iχ
0
l
H
S C
χ0
l
χ0jh
S − C
χ0iχ
0
l
h
S C
χ0
l
χ0jH
S . (3.23)
χ
0
i χ
0
j → AA
Contributions to ω˜ come from s-channel Higgs boson exchange, t- and u-channel neutralino
exchange and cross terms
ω˜χ0iχ0j→AA = ω˜
(h,H)
AA + ω˜
(χ0)
AA + ω˜
(h,H−χ0)
AA : (3.24)
S-channel CP-even Higgs bosons (h,H):
ω˜
(h,H)
AA =
1
4
∑
r=h,H
∣∣∣∣ CrAAC
χiχjr
S
s−m2r + imrΓr
∣∣∣∣
2 (
s− σ2) ; (3.25)
T- and U-channel neutralino:
ω˜
(χ0)
AA =
1
2
4∑
k,l=1
C
χ0iχ
0
k
A
P
(
C
χ0iχ
0
l
A
P
)∗
C
χ0
k
χ0jA
P
(
C
χ0
l
χ0jA
P
)∗ (
mχ0
k
mχ0
l
IAAkl +mχ0
k
JAAkl +K
AA
kl
)
,
(3.26)
where
IAAkl =
(
s− σ2) (T0 − Y0) (s, σ, δ,m2A,m2A,m2χ0
k
,m2χ0
l
) , (3.27)
JAAkl =
(
2σT1 + σ
2
(
σ2 − 4m2A − δ2
) T0
+ σY1 + σ
(
s− σ2)Y0) (s, σ, δ,m2A,m2A,m2χ0
k
,m2χ0
l
) , (3.28)
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KAAkl =
(
−T2 − 1
2
(
2s+ σ2 − 4m2A − δ2
) T1
− 1
16
((
σ2 − δ2)2 − 8m2A (σ2 + δ2)+ 16m4A) (T0 + Y0)− Y2
+
1
4
(
σ4 − 4m2Aσ2 − δ2σ2
)Y0
)
(s, σ, δ,m2A,m
2
A,m
2
χ0
k
,m2χ0
l
); (3.29)
Higgs (h,H)-neutralino cross term:
ω˜
(h,H−χ0)
AA =
1
4
4∑
l=1
Re

 ∑
r=h,H

 CAArCχ0iχ0j rS
s−m2r + imrΓr


∗
C
χ0iχ
0
l
A
P C
χ0
l
χ0jA
P


×
[
4σ +
(
4mχ0
l
(
s− σ2 + σmχ0
l
)
+ σ3 − σ (4m2A + δ2))
× F
[
s, σ, δ,m2A,m
2
A,m
2
χ0
l
]]
.
(3.30)
χ
0
i χ
0
j → hA
Contributions to ω˜ come from s-channel Z and Higgs boson exchanges, t- and u-channel
neutralino exchange and cross terms
ω˜χ0iχ0j→hA = ω˜
(A)
hA + ω˜
(Z)
hA + ω˜
(χ0)
hA + ω˜
(A−Z)
hA + ω˜
(A−χ0)
hA + ω˜
(Z−χ0)
hA : (3.31)
S-channel CP-odd Higgs boson A:
ω˜
(A)
hA =
1
2
∣∣∣∣∣ C
hAAC
χiχjA
P
s−m2A + imAΓA
∣∣∣∣∣
2 (
s+ δ2
)
; (3.32)
S-channel Z boson:
ω˜
(Z)
hA =
1
6
∣∣∣∣∣ C
hAZC
χiχjZ
A
s−m2Z + imZΓZ
∣∣∣∣∣
2
1
m4Zs
2
×
{
m4Zs
(
2s + δ2
) (
m4A +
(
s−m2h
)2 − 2m2A (s+m2h))
−
(
4δ2
(
m2A −m2h
)2
m4Z −m2Z
((
m2A −m2h
)2
m2Z
+ 2δ2
(
3
(
m2A −m2h
)2
+
(
m2A +m
2
h
)
m2Z
))
s
+
(
6
(
m2A −m2h
)2
m2Z − 4
(
m2A +m
2
h
)
m4Z + δ
2
(
3
(
m2A −m2h
)2
+m4Z
))
s2
−
(
3
(
m2A −m2h
)2 − 2m4Z) s3)σ2} ;
(3.33)
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T- and U-channel neutralino:
ω˜
(χ0)
hA =
4∑
k,l=1
(
mχ0
k
mχ0
l
IhAkl +mχ0
k
JhAkl +K
hA
kl
)
, (3.34)
where
IhAkl =
1
2
(
s− δ2) (C+hA,TT0 − C+hA,Y Y0) (s, σ, δ,m2h,m2A,m2χ0
k
,m2χ0
l
) , (3.35)
JhAkl =
(
C−hA,T δT1 +
1
4s
(
2C+hA,Tσ
(
m2A −m2h
) (
s− δ2)
− C−hA,T δ
(
s
(
2
(
m2A +m
2
h
)
+ σ2 − δ2)+ 2σδ (m2h −m2A))) T0
+
1
2s
C+hA,Y σ
(
m2h −m2A
) (
s− δ2)Y0
)
(s, σ, δ,m2h,m
2
A,m
2
χ0
k
,m2χ0
l
) , (3.36)
KhAkl =
(
−1
2
C+hA,TT2 +G
K,T (1)
hA T1 +G
K,T (0)
hA T0 +
1
2
C+hA,Y Y2
+
1
4s
C−hA,Y σδ
(
m2A −m2h
)Y1 +GK,Y (0)hA Y0
)
(s, σ, δ,m2h,m
2
A,m
2
χ0
k
,m2χ0
l
) ,
(3.37)
and where
G
K,T (1)
hA =
1
4s
(
2C−hA,Tσδ
(
m2A −m2h
)
+ C+hA,T
(−2s2 + s (2 (m2A +m2h)+ σ2 − δ2)
+ 2σδ
(
m2h −m2A
)))
, (3.38)
G
K,T (0)
hA =
1
32s2
(
−4C−hA,Tσδ
(
m2A −m2h
) (
s
(
2
(
m2A +m
2
h
)
+ σ2 − δ2)
+ 2σδ
(
m2h −m2A
))
+ C+hA,T
(
8σδ
(
m4A (s− σδ) −m4h (s+ σδ)
)− s2 (σ2 − δ2)2
+ 4m2hs (σ + δ) (s (σ + δ) + σδ (δ − σ))
− 4m2A
(
4m2h
(
s2 − σ2δ2)− s(s (σ − δ)2 + δσ3 − δ3σ)))) , (3.39)
G
K,Y (0)
hA =
C+hA,Y
32s2
(
8σδ
(
s
(
m4h −m4A
)
+ σδ
(
m4h +m
4
A
))
+ s2
(
σ4 + 2σ2δ2 − 3δ4)
+ 4m2hs
(
s
(
δ2 − 2σδ − σ2)+ σδ (σ2 + δ2))
+ 4m2A
(
4m2h
(
s2 − σ2δ2)+ s (s (δ2 + 2σδ − σ2)− σδ (σ2 + δ2)))) , (3.40)
and the coupling functions are
C±hA,T = C
χ0jχ
0
k
h
S
(
C
χ0jχ
0
l
h
S
)∗
C
χ0
k
χ0iA
P
(
C
χ0
l
χ0iA
P
)∗
± Cχ
0
k
χ0ih
S
(
C
χ0
l
χ0ih
S
)∗
C
χ0jχ
0
k
A
P
(
C
χ0jχ
0
l
A
P
)∗
, (3.41)
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C±hA,Y = C
χ0jχ
0
k
A
P
(
C
χ0jχ
0
l
h
S
)∗
C
χ0
k
χ0ih
S
(
C
χ0
l
χ0iA
P
)∗
± Cχ
0
k
χ0iA
P
(
C
χ0
l
χ0i h
S
)∗
C
χ0jχ
0
k
h
S
(
C
χ0jχ
0
l
A
P
)∗
. (3.42)
Higgs (A)-Z cross term:
ω˜
(A−Z)
hA = Re



 ChAACχ0iχ0jAP
s−m2A + imAΓA


∗
ChAZC
χ0iχ
0
jZ
A
s−m2Z + imZΓZ

 σ (s− δ2) (s−m2Z) (m2A −m2h)
m2Zs
(3.43)
Higgs (A)-neutralino cross term:
ω˜
(A−χ0)
hA =
4∑
l=1
Re
[(
ChAACχ
0
iχ
0
jA
s−m2A + imAΓA
)∗(
C+hAG
C+
hA
A,hA + C
−
hAG
C−
hA
A,hA
)]
(3.44)
G
C+
hA
A,hA =
1
2s
(
s− δ2) (2smχ0
l
+ σ
(
m2A −m2h
))F [s, σ, δ,m2h,m2A,m2χ0
l
]
(3.45)
G
C−
hA
A,hA =
1
4s
δ
(
4s+
(
s
(
4m2χ0
l
− 2 (m2A +m2h)+ δ2 − σ2)
+ 2σδ
(
m2A −m2h
))F [s, σ, δ,m2h,m2A,m2χ0
l
])
(3.46)
Z-neutralino cross term:
ω˜
(Z−χ0)
hA =
4∑
l=1
Re
[(
ChAZCχ
0
iχ
0
jZ
s−m2Z + imZΓZ
)∗(
C+hAG
C+
hA
Z,hA + C
−
hAG
C−
hA
Z,hA
)]
(3.47)
G
C+
hA
Z,hA =
1
2s
(
s
(
2
(
s−m2A −m2h
)
+ 4m2χ0
l
+ δ2
)
+ 2σδ
(
m2A −m2h
)− σ2s)
+
1
8m2Zs
2
(
m2Zs
2
(
16
(
m2χ0
l
−m2A
)(
m2χ0
l
−m2h
)
+ 16m2χ0
l
s− δ4
)
− 8σs (m2A −m2h) (mχ0
l
(
m2Z − s
) (
s− δ2)
+ m2Zδ
(
m2A +m
2
h − s
)− 2m2χ0
l
m2Zδ
)
+ 4σ2
(
s2
((
m2A −m2h
)2 −m2Z (m2A +m2h + 2m2χ0
l
))
− (m2A −m2h)2 (s− 2m2Z) δ2)
− 4m2Zsσ3δ
(
m2A −m2h
)
+m2Zs
2σ4
)F [s, σ, δ,m2h,m2A,m2χ0
l
]
(3.48)
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G
C−
hA
Z,hA =
1
m2Zs
δ
(
σ
(
m2A −m2h
) (
s−m2Z
)− 2mχ0
l
m2Zs
)
− 1
4m2Zs
2
δ
(
2mχ0
l
m2Zs
2
(
4m2χ0
l
− 2 (m2A +m2h − s)− δ2)
+ σs
(
m2A −m2h
) (
2
(
−2m2Z
(
m2A +m
2
h − 2m2χ0
l
)
+ s
(
m2A +m
2
h +m
2
Z − 2m2χ0
l
))
+ 4mχ0
l
m2Zδ − sδ2
)
− 2σ2
(
s2mχ0
l
m2Z −
(
m2A −m2h
)2 (
2m2Z − s
)
δ
)
+ sσ3
(
m2A −m2h
) (
s− 2m2Z
))F [s, σ, δ,m2h,m2A,m2χ0
l
]
(3.49)
where the coupling functions are:
C±hA = C
χ0jχ
0
l
h
S C
χ0
l
χ0iA
P ± C
χ0jχ
0
l
A
P C
χ0
l
χ0ih
S (3.50)
Contributions to the HA final state use the same expressions as above, but with mh
replaced with mH and h replaced with H in the couplings.
χ
0
i χ
0
j → H+H−
Contributions to ω˜ come from s-channel Z and Higgs boson exchanges, t- and u-channel
chargino exchange and cross terms
ω˜χ0iχ0j→H+H− = ω˜
(h,H)
H+H−
+ ω˜
(Z)
H+H−
+ ω˜
(χ±)
H+H−
+ ω˜
(h,H−χ±)
H+H−
+ ω˜
(Z−χ±)
H+H−
: (3.51)
S-channel CP-even Higgs boson (h,H):
ω˜
(h,H)
H+H−
=
1
2
∑
r=h,H
∣∣∣∣∣ C
rH+H−Cχiχjr
s−m2r + imrΓr
∣∣∣∣∣
2 (
s− σ2) ; (3.52)
S-channel Z boson:
ω˜
(Z)
H+H−
=
1
6
∣∣∣∣∣ C
ZH+H−C
χiχjZ
A
s−m2Z + imZΓZ
∣∣∣∣∣
2 (
s− 4m2H±
) (
2s+ δ2
) (
s− σ2)
s
; (3.53)
T- and U-channel chargino:
ω˜
(χ±)
H+H−
=
2∑
k,l=1
[
mχ±
k
mχ±
l
IH
+H−
kl +mχ±
k
JH
+H−
kl +K
H+H−
kl
]
, (3.54)
where
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IH
+H−
kl =
1
2
((
−D¯{ij}kl−
H+H−
(
s− δ2)+ C¯{ij}kl−
H+H−
(
s− σ2)) T0
+
(
Dijkl−
H+H−
(
s− δ2)−Cijkl−
H+H−
(
s− σ2))
× Y0) (s, σ, δ,m2H± ,m2H± ,m2χ±
k
,m2
χ±
l
) , (3.55)
JH
+H−
kl =
1
2
((
−
(
C¯
{ij}kl−+
H+H−
+ C¯
{ij}kl+−
H+H−
)
σ
+
(
D¯
[ji]kl+−
H+H−
− D¯[ij]kl+−
H+H−
)
δ
)
T1
+
1
4
((
C¯
{ij}kl−+
H+H−
+ C¯
{ij}kl+−
H+H−
)
σ
(
4m2H± − σ2 + δ2
)
−
(
D¯
[ji]kl+−
H+H−
− D¯[ij]kl+−
H+H−
)
δ
(
4m2H± + σ
2 − δ2)) T0
+
1
2
((
Cijkl+−
H+H−
+Cijkl−+
H+H−
)
σ
+
(
Dijkl+−
H+H−
−Djikl+−
H+H−
)
δ
)
Y1
− 1
2
((
Cijkl+−
H+H−
+Cijkl−+
H+H−
)
σ
(
s− σ2)
+
(
Dijkl+−
H+H−
−Djikl+−
H+H−
)
δ
(
s− δ2))
× Y0) (s, σ, δ,m2H± ,m2H± ,m2χ±
k
,m2
χ±
l
) , (3.56)
KH
+H−
kl =
1
2
(
−
(
D¯
{ij}kl+
H+H−
+ C¯
{ij}kl+
H+H−
)
T2
+
1
2
((
D¯
{ij}kl+
H+H−
− C¯{ij}kl+
H+H−
) (
σ2 − δ2)
− 2
(
D¯
{ij}kl+
H+H−
+ C¯
{ij}kl+
H+H−
) (
s− 2m2H±
)) T1
− 1
16
(
D¯
{ij}kl+
H+H−
+ C¯
{ij}kl+
H+H−
)
×
(
16m4H± − 8m2H±
(
σ2 + δ2
)
+
(
σ2 − δ2)2)T0
+
(
Dijkl+
H+H−
− Cijkl+
H+H−
)
Y2
+
1
16
((
Dijkl+
H+H−
+ Cijkl+
H+H−
) (
8m2H±
(
δ2 − σ2)+ 2 (σ4 − δ4))
+
(
Dijkl+
H+H−
− Cijkl+
H+H−
) (
16m2H± + 2δ
2σ2 − σ4 − δ4))
× Y0) (s, σ, δ,m2H± ,m2H± ,m2χ±
k
,m2
χ±
l
);
(3.57)
Higgs (h,H)-chargino cross term:
ω˜
(h,H−χ±)
H+H−
=
1
2
2∑
k=1
Re
[(
CrH
+H−Cχiχjr
s−m2r + imrΓr
)∗
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×
(
Cijk,+
H+H−
(
−4σ + σ
(
4m2H± − 4m2χ±
k
− σ2 + δ2
)
× F
[
s, σ, δ,m2H± ,m
2
H± ,m
2
χ±
k
])
+ Cijk,−
H+H−
4mχ±
k
(
s− σ2)F [s, σ, δ,m2H± ,m2H± ,m2χ±
k
])]
; (3.58)
Z-chargino cross term:
ω˜
(Z−χ±)
H+H−
=
2∑
k=1
Re
[(
CZH
+H−C
χiχjZ
A
s−m2Z + imZΓZ
)∗]
D+ijk
×
(
s
s− δ2
(
2s − 4m2H± + 4m2χ±
k
− σ2 − δ2
)
+
1
4
(−4 (s− σ2) (s− 4m2H±)
+
s
s− δ2
(
2s − 4m2H± + 4m2χ±
k
− σ2 − δ2
)2)
F
[
s, σ, δ,m2H± ,m
2
H± ,m
2
χ±
k
])
,
(3.59)
where the coupling functions are
Cijkl±
H+H−
= Cijk,±
H+H−
Cijl,±
H+H−
+ Cjik,±
H+H−
Cjil,±
H+H−
, (3.60)
C¯
{ij}kl±
H+H−
= Cijk,±
H+H−
Cjil,±
H+H−
+ Cjik,±
H+H−
Cijl,±
H+H−
, (3.61)
Cijkl+−
H+H−
= Cijk,+
H+H−
Cijl,−
H+H−
+ Cjik,+
H+H−
Cjil,−
H+H−
, (3.62)
Cijkl−+
H+H−
= Cijk,−
H+H−
Cijl,+
H+H−
+ Cjik,−
H+H−
Cjil,+
H+H−
, (3.63)
C¯
{ij}kl+−
H+H−
= Cijk,+
H+H−
Cjil,−
H+H−
+ Cjik,+
H+H−
Cijl,−
H+H−
, (3.64)
C¯
{ij}kl−+
H+H−
= Cijk,−
H+H−
Cjil,+
H+H−
+ Cjik,−
H+H−
Cijl,+
H+H−
. (3.65)
The same expressions are used to define the D couplings, but with the replacement
C → D. We also need
D¯
[ij]kl+−
H+H−
= Dijk,+
H+H−
Djil,−
H+H−
−Dijk,−
H+H−
Djil,+
H+H−
, (3.66)
D¯
[ji]kl+−
H+H−
= Djik,+
H+H−
Dijl,−
H+H−
−Djik,−
H+H−
Dijl,+
H+H−
. (3.67)
All of these souplings are based on the combinations
Cijk,±
H+H−
=
(
C
χ0iχ
+
k
H−
S
)∗
C
χ0jχ
+
k
H−
S ±
(
C
χ0iχ
+
k
H−
P
)∗
C
χ0jχ
+
k
H−
P , (3.68)
Dijk,±
H+H−
=
(
C
χ0iχ
+
k
H−
P
)∗
C
χ0jχ
+
k
H−
S ±
(
C
χ0iχ
+
k
H−
S
)∗
C
χ0jχ
+
k
H−
P . (3.69)
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χ
0
i χ
0
j →W+H−
Contributions to ω˜ come from s-channel Higgs boson exchanges (both CP-odd and -even),
t- and u-channel chargino exchange and cross terms
ω˜χ0iχ0j→W+H− = ω˜
(A)
W+H−
+ ω˜
(h,H)
W+H−
+ ω˜
(χ±)
W+H−
+ ω˜
(A−χ±)
W+H−
+ ω˜
(h,H−χ±)
W+H−
: (3.70)
S-channel CP-odd Higgs boson A:
ω˜
(A)
W+H−
=
∣∣∣∣∣ C
AH−W+C
χiχjA
P
s−m2A + imAΓA
∣∣∣∣∣
2
(
s− δ2) (s2 − 2 (m2H± +m2W ) s+ (m2H± −m2W )2)
2m2W
;
(3.71)
S-channel CP-even Higgs boson (h,H):
ω˜
(h,H)
W+H−
=
∑
r=h,H
∣∣∣∣∣ C
rH−W+C
χiχjr
S
s−m2r + imrΓr
∣∣∣∣∣
2
(
s− σ2) (s2 − 2 (m2H± +m2W ) s+ (m2H± −m2W )2)
2m2W
;
(3.72)
T- and U-channel chargino:
ω˜
(χ±)
W+H−
=
1
m2W
2∑
k,l=1
[
mχ+
k
mχ+
l
IWHkl +mχ+
k
JWHkl +K
WH
kl
]
, (3.73)
where
IWHkl =
(
G
I,T (2)
WH T2 +GI,T (1)WH T1 +GI,T (0)WH T0
+ G
I,Y (2)
WH Y2 +GI,Y (1)WH Y1 +GI,Y (0)WH Y0
)
(s, σ, δ,m2H± ,m
2
W ,m
2
χ±
k
,m2
χ±
l
) , (3.74)
JWHkl =
(
G
J,T (2)
WH T2 +GJ,T (1)WH T1 +GJ,T (0)WH T0
+ G
J,Y (2)
WH Y2 +GJ,Y (1)WH Y1 +GJ,Y (0)WH Y0
)
(s, σ, δ,m2H± ,m
2
W ,m
2
χ±
k
,m2
χ±
l
) ,(3.75)
KWHkl =
(
G
K,T (2)
WH T2 +GK,T (1)WH T1 +GK,T (0)WH T0 +GK,Y (2)WH Y2
+ G
K,Y (1)
WH Y1 +GK,Y (0)WH Y0
)
(s, σ, δ,m2H± ,m
2
W ,m
2
χ±
k
,m2
χ±
l
), (3.76)
where
G
I,T (2)
WH = −
1
2
(
DC,+WH,ij +D
C,+
WH,ji
)
, (3.77)
G
I,T (1)
WH =
1
4s
(
sDC,+WH,ij
(
−2 (s−m2W −m2H±)+ (σ + δ)2)
+ DC,+WH,ji
(
s
(
−2s+ (δ − σ)2
)
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+ 2
(
m2W (s− 2σδ) +m2H± (s+ 2σδ)
)))
, (3.78)
G
I,T (0)
WH =
1
32s2
(
−s2DC,+WH,ij
(−4m2W (8s+ 3σ2 − 2σδ − 9δ2)
+ 4m2H±
(
4m2W + (σ + δ)
2
)
+ (σ + δ)2
(
−4s+ (σ + δ)2
))
− DC,+WH,ji
(
s2
(
−4s+ (δ − σ)2
)
(δ − σ)2
+ 16m4Wσδ (−s+ σδ) + 16m2H±σδ (s+ σδ)
− 4m2W s
(
8s2 + 2σδ (δ − σ)2 + s (3σ2 − 2σδ − 9δ2))
+ 4m2H±
(
4m2W
(
s2 − 2σ2δ2)+ s(s (σ2 − 6σδ + δ2)+ 2σδ (σ − δ)2)))
− 48m2W s2
(
σ2 − δ2) ((D+WH,ijk)∗D+WH,ijl + (D+WH,jik)∗D+WH,jil)) , (3.79)
G
I,Y (2)
WH = −
1
2
(
CD,+WH,{ij} − 2D2,+WH,{ij}
)
, (3.80)
G
I,Y (1)
WH = −
σδ
4s
(
CD,+WH,[ij] − 2D2,+WH,[ij]
) (
s+m2W −m2H±
)
, (3.81)
G
I,Y (0)
WH =
1
32s2
((
2D2,+WH,{ij} − C
D,+
WH,{ij}
) (−8m4Wσδ (s− σδ) + 8m4H±σδ (s+ σδ)
+ 4m2H± (s+ σδ)
(
s
(
4m2W + (σ − δ)2
)
− 4m2Wσδ
)
+ s2
(
σ4 + 6σ2δ2 + δ4 − 4s (σ2 + δ2))
− 4m2W s
(
8s2 − s (3σ2 + 2σδ + 3δ2)+ σδ (σ − δ)2))
+ 24CD,+WH,{ij}m
2
W s
2
(
σ2 − δ2)) , (3.82)
G
J,T (2)
WH =
1
2
(
σRe
(
C−+WH,{ij} −D−+WH,{ij}
)
− δRe
(
C−+WH,[ij] −D−+WH,[ij]
))
, (3.83)
G
J,T (1)
WH =
1
4s
(
Re
(
C−+WH,[ij] −D−+WH,[ij]
)
δ (σ + δ)
(
s (δ − σ) + 2m2H±σ
)
− Re
(
C−+WH,{ij} −D−+WH,{ij}
)
σ (σ + δ)
(
s (σ − δ) + 2m2H±δ
)
− 8m2W sRe
(
δ C−+WH,[ij] + σ D
−+
WH,{ij}
)
− 4m2W sRe
(
σ C−+WH,{ij} + δ D
−+
WH,[ij]
)
− 2m2WRe
(
σ
(
C−+WH,[ij] −D−+WH,[ij]
)
+ δ
(
D−+WH,{ij} − C−+WH,{ij}
))
σ δ (σ + δ)
)
, (3.84)
G
J,T (0)
WH =
1
32s2
(
Re
(
C−+WH,{ij} −D−+WH,{ij}
)
σ
(
8m4W
(−4s2 + sδ (σ + δ) + σδ2 (σ + δ))
− 4m2W (σ + δ)
(
s (δ − σ) (s+ δ (δ − σ)) + 2m2H±δ (s+ 2σδ)
)
+ (σ + δ)
(
4m2H±sδ (σ − δ)2 + 8m4H±δ2σ + s2 (σ − δ)
(
σ2 + 3δ2
)))
+ 12Re
(
C−+WH,{ij} +D
−+
WH,{ij}
)
m2W sσ
(
2m2H± (2s+ δ (σ − δ))
− (σ − δ) (s (σ + δ) + 2m2W δ))
− Re
(
C−+WH,[ij] −D−+WH,[ij]
)
δ
(
−4m2W (σ + δ)
(
sσ
(
2m2H± + (σ − δ)2
)
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+ 4m2H±σ
2δ + s2 (σ − δ))
+ 8m4W
(−4s2 + sσ (σ + δ) + σ2δ (σ + δ))
+ (σ + δ)
(
4m2H±sσ (σ − δ)2 + 8m4H±σ2δ + s2 (δ − σ)
(
3σ2 + δ2
)))
+ 12Re
(
C−+
WH,[ij]
+D−+
WH,[ij]
)
m2W sδ
(
2m2H± (2s+ σ (δ − σ))
+ (σ − δ) (s (σ + δ) + 2m2Wσ))) , (3.85)
G
J,Y (2)
WH =
1
4
(
σ
(
C
1,{+−}
WH,{ij} +D
1,{+−}
WH,{ij}
)
+ δ
(
(C
1,[+−]
WH,[ij] +D
1,[+−]
WH,[ij]
))
, (3.86)
G
J,Y (1)
WH = −
1
8s
((
δC
1,[+−]
WH,[ij] + σD
1,{+−}
WH,{ij}
) (−s2 + s (m2H± + 5m2W ))
+ σ δ
(
s+m2W −m2H±
) (
σ C
1,[+−]
WH,[ij] + δ D
1,{+−}
WH,{ij}
)
−
(
σ
(
s− δ2)C1,{+−}WH,{ij} + δ (s− σ2)D1,[+−]WH,[ij]) (s+m2W −m2H±)) , (3.87)
G
J,Y (0)
WH =
1
64s2
(
σ
(−8m4W (5s2 + sδ (σ − 5δ) − δ2σ2)
+ 8m4H±
(
s2 + sδ (σ − δ) + δ2σ2)
+ 4m2W s (δ − σ) (δσ (σ − δ) + s (3σ + δ))
+ s2
(
8s2 − 4s (σ2 + 3δ2)+ σ4 + 6δ2σ2 + δ4)
+ 4m2H±
(
4m2W
(
3s2 − 2sδ2 − σ2δ2)+ s (−4s2
+ s
(
σ2 − 2δσ + 5δ2)+ σδ (δ − σ)2)))C1,{+−}WH,{ij}
+ δ
(
s2
(
8
(
m4H± +m
4
W − 2s
(
m2H± + 3m
2
W
)
+ s2
)
+ 4δ2
(
m2H± + 9m
2
W − s
)
+ δ4
)
+ 4sσδ
(
m2H± −m2W
) (
2
(
m2H± +m
2
W − s
)
+ δ2
)
+ 2σ2
(
2s
(
−3s2 + s (5m2H± +m2W )− 2 (m2H± −m2W )2)
+ δ2
(
3s2 − 4s (m2H± −m2W )+ 4 (m2H± −m2W )2))+ s2σ4
+ 4sσ3δ
(
m2H± −m2W
))
C
1,[+−]
WH,[ij]
+ σ
(
s
(
8s
(
m4H± +m
4
W − 2s
(
m2H± + 3m
2
W
)
+ s2
)
− 4δ2
(
2
(
m2H± −m2W
)2 − s (5m2H± +m2W )+ 3s2)+ sδ4)
+ 4sσδ
(
m2H± −m2W
) (
2
(
m2H± +m
2
W − s
)
+ δ2
)
+ 2σ2
(
2s2
(
m2H± + 9m
2
W − s
)
+ δ2
(
3s2 − 4s (m2H± −m2W )+ 4 (m2H± −m2W )2))
+ 4sσ3δ
(
m2H± −m2W
)
+ s2σ4
)
D
1,{+−}
WH,{ij}
+ δ
(
8m4H±
(
s2 + sσ (δ − σ) + σ2δ2)− 8m4W (5s2 + sσ (δ − 5σ)− σ2δ2)
− 4m2W s (δ − σ) (s (σ + 3δ) + σδ (δ − σ))
+ s2
(
8s2 − 4s (3σ2 + δ2)+ σ4 + 6σ2δ2 + δ4)
+ 4m2H±
(
4m2W
(
3s2 − σ2 (2s + δ2))
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+ s
(
−4s2 + s (5σ2 − 2σδ + δ2)+ σδ (δ − σ)2)))D1,[+−]WH,[ij]) , (3.88)
G
K,T (2)
WH = −
1
8
((
DC,−WH,ij +D
C,−
WH,ji
) (−4s+ 8m2W + σ2 + δ2)
− 2
(
DC,−WH,ij −DC,−WH,ji
)
σδ
)
, (3.89)
G
K,T (1)
WH =
1
16s
(
DC,−WH,ijs
(
16m4W +
(
−2s+ (δ − σ)2
)
(δ + σ)2
− 2m2W (8s+ (5δ − 7σ) (δ + σ)) + 2m2H±
(
8m2W − (δ + σ)2
))
+ DC,−WH,ji
(
16m4W (s− 2δσ) + s (δ − σ)2
(
−2s+ (δ + σ)2
)
− 2m2W
(
8s2 + 2δσ (δ + σ)2 + s
(
5δ2 − 6δσ − 7σ2))
+ 2m2H±
(
2δσ (δ + σ)2 + 8m2W (s+ 2δσ) − s
(
δ2 + 6δσ + σ2
)))
+ 24m2W s
(
δ2 − σ2)((D−WH,ijk)∗D−WH,ijl + (D−WH,jik)∗D−WH,jil)) , (3.90)
G
K,T (0)
WH =
1
128s2
(
−DC,−WH,ji
(
s2 (δ − σ)4 (δ + σ)2 + 128m6W δσ (−s+ δσ)
− 16m4W
(
2s2 (δ − σ)2 − sδσ (5δ − 7σ) (δ + σ)− δ2σ2 (δ + σ)2
)
+ 16m4H±δσ
(
(δ + σ)2 (−s+ δσ) + 8m2W (s+ δσ)
)
+ 4m2W s (δ − σ)2
(
−2δσ (δ + σ)2 + s (δ2 + 6δσ + σ2))
+ 4m2H±
(
−s (s− 2δσ) (δ2 − σ2)2 + 32m4W (s2 − 2δ2σ2)
− 4m2W
(
4sδσ (δ − 2σ) (δ + σ) + 2δ2σ2 (δ + σ)2 + s2 (δ2 + 6δσ + σ2))))
+ DC,−WH,ijs
2
(
4m2H± − (δ − σ)2
)(
−32m4W + 4m2W (δ + σ)2 + (δ + σ)4
)
− 192
(
D−WH,jik
)∗
D−WH,jilsδσ
(
m2H± −m2W
) (
δ2 − σ2)) , (3.91)
G
K,Y (2)
WH =
1
8
(
−8m2WCD−WH,{ij} + CD,−WH,{ij}
(
4s− σ2 + δ2)+ 2D2,−WH,{ij} (σ2 − δ2)) ,
(3.92)
G
K,Y (1)
WH =
σδ
s
(
−8m4WCD,−WH,[ij] +
(
2D2,−WH,[ij] − CD,−WH,[ij]
)
s
(
σ2 − δ2)
+ m2W
(
−4sCD,−
WH,[ij]
+
(
σ2 − δ2) (2D2,−
WH,[ij]
− CD,−
WH,[ij]
))
+ m2H±
(
8m2WC
D,−
WH,[ij] −
(
σ2 − δ2) (2D2,−WH,[ij] − CD,−WH,[ij]))) , (3.93)
G
K,Y (0)
WH =
1
128s2
(
s2
(
128m2H±m
2
WC
D,−
WH,{ij}
(
s−m2W
)
− 16
(
−m4H±CD,−WH,{ij} +m2H±
(
sCD,−WH,{ij} +m
2
W
(
7CD,−WH,{ij} − 4D2,−WH,{ij}
)
+ m2W
(
m2W
(
CD,−WH,{ij} − 6D
2,−
WH,{ij}
)
+ s
(
CD,−WH,{ij}
+ 2D2,−WH,{ij}
))))
δ2 + 4δ4
(
m2W
(
7CD,−WH,{ij} − 6D
2,−
WH,{ij}
)
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+ m2H±
(
CD,−WH,{ij} − 2D2,−WH,{ij}
)
+ 2sD2,−WH,{ij}
)
+ δ6
(
CD,−WH,{ij} − 2D2,−WH,{ij}
))
+ 4sσδ
(
m2H± −m2W
) (
2
(
s−m2W −m2H±
)− δ2)(8m2WCD,−WH,{ij}
+ 2δ2D2,−WH,{ij} − C
D,−
WH,{ij}
(
4s+ δ2
))
+ σ2
(
16s2
(
CD,−WH,{ij}
(
m4H± + 5m
4
W
− 3m2W s−m2H±
(
s+ 3m2W
))
+ 2m2WD
2,−
WH,{ij}
(
s− 3m2W − 2m2H±
))
− 8δ2CD,−WH,{ij}
(
8m2W
(
m2W −m2H±
)2
+ 4m2W s
(
m2W −m2H±
)− 4s2 (m2W +m2H±)+ s3))
+ δ4
(
CD,−WH,{ij} − 2D
2,−
WH,{ij}
)(
5s2 + 8s
(
m2W −m2H±
)
+ 8
(
m2W −m2H±
)2)
+ 8sσ3δ
(
m2W −m2H±
) (−CD,−
WH,{ij}
(
3s− 5m2W −m2H±
)
+ 2D2,−WH,{ij}
(
s−m2W −m2H±
))
+ σ4
(
4s2
(
−m2H±
(
CD,−WH,{ij} − 2D2,−WH,{ij}
)
+ 2s
(
CD,−WH,{ij} −D2,−WH,{ij}
)
+ m2W
(
CD,−WH,{ij} + 6D
2,−
WH,{ij}
))
− δ2
(
CD,−WH,{ij} − 2D2,−WH,{ij}
)(
5s2 + 8s
(
m2W −m2H±
)
+ 8
(
m2W −m2H±
)2))
+
(−s2σ6 + 4sσ5δ (m2W −m2H±))(CD,−WH,{ij} − 2D2,−WH,{ij})) , (3.94)
where we have used the following combinations of gauge functions:
C
1,{+−}
WH,{ij} = C
1,+−
WH,{ij} + C
1,−+
WH,{ij} , (3.95)
C
1,[+−]
WH,[ij] = C
1,+−
WH,{ij} − C1,−+WH,{ij} , (3.96)
D
1,{+−}
WH,{ij} = D
1,+−
WH,{ij} +D
1,−+
WH,{ij} , (3.97)
D
1,[+−]
WH,[ij] = D
1,+−
WH,{ij} −D1,−+WH,{ij}, (3.98)
C1,−+WH,{ij} =
(
C+WH,jik
)∗
C−WH,ijl +
(
C+WH,ijk
)∗
C−WH,jil , (3.99)
C1,−+WH,[ij] =
(
C+WH,jik
)∗
C−WH,ijl −
(
C+WH,ijk
)∗
C−WH,jil , (3.100)
C1,+−WH,{ij} =
(
C−WH,jik
)∗
C+WH,ijl +
(
C−WH,ijk
)∗
C+WH,jil , (3.101)
C1,+−WH,[ij] =
(
C−WH,jik
)∗
C+WH,ijl −
(
C−WH,ijk
)∗
C+WH,jil , (3.102)
D1,−+WH,{ij} =
(
D+WH,jik
)∗
D−WH,ijl +
(
D+WH,ijk
)∗
D−WH,jil , (3.103)
D1,−+WH,[ij] =
(
D+WH,jik
)∗
D−WH,ijl −
(
D+WH,ijk
)∗
D−WH,jil , (3.104)
D1,+−WH,{ij} =
(
D−WH,jik
)∗
D+WH,ijl +
(
D−WH,ijk
)∗
D+WH,jil , (3.105)
D1,+−WH,[ij] =
(
D−WH,jik
)∗
D+WH,ijl −
(
D−WH,ijk
)∗
D+WH,jil, (3.106)
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C+−WH,{ij} =
(
C+WH,jik
)∗
C−WH,jil +
(
C−WH,ijk
)∗
C+WH,ijl , (3.107)
C+−WH,[ij] =
(
C+WH,jik
)∗
C−WH,jil −
(
C−WH,ijk
)∗
C+WH,ijl , (3.108)
C−+WH,{ij} =
(
C−WH,jik
)∗
C+WH,jil +
(
C+WH,ijk
)∗
C−WH,ijl , (3.109)
C−+WH,[ij] =
(
C−WH,jik
)∗
C+WH,jil −
(
C+WH,ijk
)∗
C−WH,ijl , (3.110)
D+−WH,{ij} =
(
D+WH,jik
)∗
D−WH,jil +
(
D−WH,ijk
)∗
D+WH,ijl , (3.111)
D+−WH,[ij] =
(
D+WH,jik
)∗
D−WH,jil −
(
D−WH,ijk
)∗
D+WH,ijl , (3.112)
D−+WH,{ij} =
(
D−WH,jik
)∗
D+WH,jil +
(
D+WH,ijk
)∗
D−WH,ijl , (3.113)
D−+WH,[ij] =
(
D−WH,jik
)∗
D+WH,jil −
(
D+WH,ijk
)∗
D−WH,ijl, (3.114)
D2,±WH,{ij} =
(
D±WH,jik
)∗
D±WH,ijl +
(
D±WH,ijk
)∗
D±WH,jil , (3.115)
D2,±WH,[ij] =
(
D±WH,jik
)∗
D±WH,ijl −
(
D±WH,ijk
)∗
D±WH,jil , (3.116)
CD,±WH,{ij} = P
±
ijkl + P
±
jikl , (3.117)
CD,±WH,[ij] = P
±
ijkl − P±jikl, (3.118)
DC,±WH,ji =
(
C±WH,jik
)∗
C±WH,jil +
(
D±WH,jik
)∗
D±WH,jil , (3.119)
P±ijkl =
(
C±WH,jik
)∗
C±WH,ijl +
(
D±WH,jik
)∗
D±WH,ijl, (3.120)
C±WH,jik = C
χ±
k
χ0iH
±
P
(
C
χ±j χ
0
k
W±
A
)∗
±Cχ
±
k
χ0iH
±
S
(
C
χ±j χ
0
k
W±
V
)∗
, (3.121)
D±WH,jik = C
χ±
k
χ0iH
±
S
(
C
χ±j χ
0
k
W±
A
)∗
±Cχ
±
k
χ0iH
±
P
(
C
χ±j χ
0
k
W±
V
)∗
; (3.122)
Higgs (A)-chargino cross term:
ω˜
(A−χ±)
W+H−
= −
2∑
l=1
Re
((
CAH
−W+C
χiχjA
P
s−m2A + imAΓA
)∗
1
2m2W
(
DH,−WH,{ij}G
DH,−
WH,{ij}
WH
+ DH,−WH,[ij]G
DH,−
WH,[ij]
WH +D
H,+
WH,{ij}G
DH,+
WH,{ij}
WH +D
H,+
WH,[ij]G
DH,+
WH,[ij]
WH
))
, (3.123)
where
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G
DH,+
WH,{ij}
WH =
1
s
mχ+
l
σ
(
s− δ2) ((s−m2W )2 +m4H±
− 2m2H±
(
s+m2W
))F [s, σ, δ,m2H± ,m2W ,m2χ+
l
]
, (3.124)
G
DH,+
WH,[ij]
WH =
1
2s
mχ+
l
δ
(
s+m2W −m2H±
)
×
(
4s+
(
4m2
χ+
l
s+ s
(
2
(
s−m2W −m2H±
)− δ2)
− 2σδ (m2H± −m2W )− sσ2)F [s, σ, δ,m2H± ,m2W ,m2χ+
l
])
, (3.125)
G
DH,−
WH,{ij}
WH =
1
4s
(
4s
(
2s
(
s−m2W −m2H±
)− δ2 (s+m2W −m2H±))
−
(
s
(
−8s
(
2m2Wm
2
H± +m
2
χ+
l
(
s−m2W −m2H±
))
+ 2δ2
((
m2W −m2H±
)(
2m2
χ+
l
+m2H± − 3m2W
)
+ s
(
2m2
χ+
l
+m2H± + 3m
2
W
))
− δ4 (s+m2W −m2H±))
+ 2σδ
(
m2W −m2H±
) (
2s
(
m2H± +m
2
W − s
)
+ δ2
(
s+m2W −m2H± +m2W
))
− σ2
(
2s
((
m2H± −m2W
)2 − s (m2H± +m2W ))
− δ2
(
2
(
m2H± −m2W
)2 − (3m2H± + 5m2W )+ s2)))
× F
[
s, σ, δ,m2H± ,m
2
W ,m
2
χ+
l
])
, (3.126)
G
DH,−
WH,[ij]
WH =
1
4s
σδ
(
−4m4W s+ 4m2W s2 + 4m2χ+
l
s
(
s+m2W −m2H±
)
+ 2m4W δ
2
− 5m2W δ2 + s2δ2 + 2m2Wσδ
(
s+m2W
)− sσ2 (s+m2W )+ 2m4H±δ (σ + δ)
+ m2H±
(
s (σ − 3δ) (σ + δ) + 4m2W (s− δ (σ + δ))
))
; (3.127)
Higgs (h,H)-chargino cross term:
ω˜
(h,H−χ±)
W+H−
= −
2∑
l=1
Re
((
CrH
−W+C
χiχjr
S
s−m2r + imrΓr
)∗
1
m2W
,
×
(
CH,−WH,{ij}G
CH,−
WH,{ij}
WH + C
H,−
WH,[ij]G
CH,−
WH,[ij]
WH
+ CH,+WH,{ij}G
CH,+
WH,{ij}
WH + C
H,+
WH,[ij]G
CH,+
WH,[ij]
WH
))
, (3.128)
where
G
CH,+
WH,{ij}
WH =
1
4s
mχ±
l
σ
(
s+m2W −m2H±
) (
4s +
(
4m2
χ±
l
s− 2m2W s+ 2s2 − sδ2
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+ 2mWσδ − sσ2 − 2m2H± (s+ σδ)
)F [s, σ, δ,m2H± ,m2W ,m2χ±
l
])
, (3.129)
G
CH,+
WH,[ij]
WH =
1
4s
mχ±
l
δ (2s− σ (σ + δ))
(
m4H± +
(
s−m2W
)2
− 2m2H±
(
s+m2W
))F [s, σ, δ,m2H± ,m2W ,m2χ±
l
]
, (3.130)
G
CH,−
WH,{ij}
WH = −
1
32s2
(
4s
(
8s2
(
m2H± +m
2
W − s
)− 2sσδ (3m2H± +m2W − 3s)
+ σ2
(
s+m2W −m2H±
) (
4s− 3δ2))
+
(
8s2
(
−8m2H±m2W s+ 4m2χ±
l
s
(
m2H± +m
2
W − s
)
+ δ2
(
s
(
m2H± +m
2
W
)− (m2H± −m2W )2))
− 2sσδ
(
4m2
χ±
l
s
(
3m2H± +m
2
W − 3s
)
− 4s (−2m4H± +m4W −m2W s+m2H± (5m2W + 2s))
+ δ2
(
s2 + s
(
3m2W +m
2
H±
)− 2 (m2H± −m2W )2))
+ sσ2
(
8s
((
m2W −m2H±
) (
2m2
χ±
l
+m2H± − 3m2W
)
+ s
(
2m2
χ±
l
+m2H± + 3m
2
W
))
+ 4δ2
((
m2H± −m2W
) (
3m2
χ±
l
+ 5m2H± − 4m2W
)
− s
(
3m2
χ±
l
+ 6m2H± + 5m
2
W
)
+ s2
)
+ 3δ4
(
s+m2W −m2H±
))
+ 2σ3δ
(
s
(
8
(
m2H± −m2W
)2 − 3s (3m2H± +m2W )+ s2)
− 3δ2
(
2
(
m2H± −m2W
)2 − s (3m2H± +m2W )+ s2))
+ sσ4
(
m2H± −m2W − s
) (
4s− 3δ2))F [s, σ, δ,m2H± ,m2W ,m2χ±
l
])
, (3.131)
G
CH,−
WH,[ij]
WH =
1
32s2
σδ
(
4s (2s − σδ) (s+m2W −m2H±)
+
(
2s2
(
4m2W
(
s−m2W +m2H±
)− δ2 (s+m2W −m2H±))
+ sσδ
(
4m4H± + 8m
4
W + δ
2
(
s+m2W
)−m2H± (4s+ 12m2W + δ2))
+ 2σ2
(
s
(
s2 − s (3m2H± + 5m2W )+ 2 (m2H± −m2W )2)
− δ2
(
s2 − s (3m2H± +m2W )+ 2 (m2H± −m2W )2))+ sσ3δ (s+m2W −m2H±)
+ 4m2
χ±
l
s (2s − σδ) (s+m2W −m2H±))F [s, σ, δ,m2H± ,m2W ,m2χ±
l
])
, (3.132)
where the coupling functions are:
DH,−WH,{ij} = D
−
WH,ijl +D
−
WH,jil , (3.133)
DH,−
WH,[ij]
= D−WH,ijl −D−WH,jil , (3.134)
DH,+WH,{ij} = D
+
WH,ijl +D
+
WH,jil , (3.135)
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DH,+WH,[ij] = D
+
WH,ijl −D+WH,jil , (3.136)
CH,−WH,{ij} = C
−
WH,ijl + C
−
WH,jil , (3.137)
CH,−WH,[ij] = C
−
WH,ijl − C−WH,jil , (3.138)
CH,+WH,{ij} = C
+
WH,ijl + C
+
WH,jil , (3.139)
CH,+WH,[ij] = C
+
WH,ijl − C+WH,jil, (3.140)
D±WH,ijl = C
χ+
l
χ0jH
−
S
(
C
χ+
l
χ0iW
−
A
)∗
± Cχ
+
l
χ0jH
−
P
(
C
χ+
l
χ0iW
−
V
)∗
, (3.141)
C±WH,ijl = C
χ+
l
χ0jH
−
P
(
C
χ+
l
χ0iW
−
A
)∗
± Cχ
+
l
χ0jH
−
S
(
C
χ+
l
χ0iW
−
V
)∗
. (3.142)
χ
0
i χ
0
j → Zh
Contributions to ω˜ come from s-channel Z and Higgs boson exchanges, t- and u-channel
neutralino exchange and cross terms
ω˜χ0iχ0j→Zh = ω˜
(A)
Zh + ω˜
(Z)
Zh + ω˜
(χ0)
Zh + ω˜
(A−Z)
Zh + ω˜
(A−χ0)
Zh + ω˜
(Z−χ0)
Zh : (3.143)
S-channel CP-odd Higgs boson A:
ω˜
(A)
Zh =
∣∣∣∣∣ C
AZhC
χiχjA
P
s−m2A + imAΓA
∣∣∣∣∣
2
(
s− δ2) (s2 − 2 (m2Z +m2h) s+ (m2Z −m2h)2)
2m2Z
; (3.144)
S-channel Z boson:
ω˜
(Z)
Zh =
∣∣∣∣∣ C
ZZhC
χiχjZ
A
s−m2Z + imZΓZ
∣∣∣∣∣
2
1
24m6Zs
(
2sm4Z
(
m4h +m
4
Z + 10sm
2
Z + s
2 − 2mh
(
s+m2Z
))
+ σ2
(
3s4 − 12s3m2Z + 16s2m4Z − 32sm6Z +m8Z
+
(
m4h − 2m2h
(
s+m2Z
)) (
m4Z − 6sm2Z + 3s2
))
+
δ2
s
(
12s3σ2m2Z − 3s4σ2 + s2m4Z
(
s− 19σ2)+m8Z (s− 4σ2)+ 2sm6Z (5s+ σ2)
+
(
m4h − 2m2h
(
s+m2Z
)) (
m4Z
(
s− 4σ2)+ 6s σ2m2Z − 3s2σ2))) ; (3.145)
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T- and U-channel neutralino:
ω˜
(χ0)
Zh =
1
2m2Z
4∑
k,l=1
[
mχ0
k
mχ0
l
IZhkl +mχ0
k
JZhkl +K
Zh
kl
]
, (3.146)
where
IZhkl =
(
−
(
D
{ij}kl
Zh,A +D
{ij}kl
Zh,V
)
T2 +GI,T (1)Zh T1 +GI,T (0)Zh T0 +
(
C
{ij}kl
Zh,A + C
{ij}kl
Zh,V
)
Y2
− 1
2s
(
C
[ij]kl
Zh,A + C
[ij]kl
Zh,V
)
σδ
(
s+m2Z −m2h
)Y1
+ G
I,Y (0)
Zh Y0
)
(s, σ, δ,m2h,m
2
Z ,m
2
χ0
k
,m2χ0
l
) , (3.147)
JZhkl =
(
−
((
D
{ij}kl
Zh,A +D
{ij}kl
Zh,V
)
σ +
(
D
[ij]kl
Zh,A +D
[ij]kl
Zh,V
)
δ
)
T2 +GJ,T (1)Zh T1
+ G
J,T (0)
Zh T0 +
(
C
{ij}kl
Zh,A + C
{ij}kl
Zh,V
)
σY2 +GJ,Y (1)Zh Y1
+ G
J,Y (0)
Zh Y0
)
(s, σ, δ,m2h,m
2
Z ,m
2
χ0
k
,m2χ0
l
) , (3.148)
KZhkl =
(
G
K,T (2)
Zh T2 +GK,T (1)Zh T1 +GK,T (0)Zh T0
+ G
K,Y (2)
Zh Y2 +GK,Y (1)Zh Y1 +GK,Y (0)Zh Y0
)
(s, σ, δ,m2h,m
2
Z ,m
2
χ0
k
,m2χ0
l
), (3.149)
G
I,T (1)
Zh =
1
2s
((
D
{ij}kl
Zh,A +D
{ij}kl
Zh,V
)
s
(
2
(
mh
2 +mZ
2 − s)+ δ2)
+ 2
((
D
[ij]kl
Zh,A +D
[ij]kl
Zh,V +D
{ij}kl
Zh,A +D
{ij}kl
Zh,V
)
(mh −mZ) (mh +mZ)
−
(
D
[ij]kl
Zh,A +D
[ij]kl
Zh,V
)
s
)
δ σ +
(
D
{ij}kl
Zh,A +D
{ij}kl
Zh,V
)
s σ2
)
, (3.150)
G
I,T (0)
Zh = −
1
16s2σ
(
4
(
6DσZh,8mZ
2 s2
(
δ2 − σ2)
+ DδσZh,5
(
mh
2 −mZ2 − s
)
σ2
(
2mZ
2 (s− δ σ)
+ 2mh
2 (s+ δ σ) + s
(−2 s+ δ2 + σ2)))
+ DσZh,7
(
8mZ
4 δ σ (−s+ δ σ) + 8mh4 δ σ (s+ δ σ)
+ 4mh
2 (s+ δ σ)
(
s (δ − σ)2 + 4mZ2 (s− δ σ)
)
+ s2
(
δ4 + 6 δ2 σ2 + σ4 − 4 s (δ2 + σ2))
− 4mZ2 s
(
8 s2 + δ (δ − σ)2 σ − s (3 δ2 + 2 δ σ + 3σ2)))) , (3.151)
G
I,Y (0)
Zh =
1
16s2
(
24CZh,4mZ
2 s2
(−δ2 + σ2)
+ CZh,3
(
8mZ
4 δ σ (−s+ δ σ) + 8mh4 δ σ (s+ δ σ)
+ 4mh
2 (s+ δ σ)
(
s (δ − σ)2 + 4mZ2 (s− δ σ)
)
+ s2
(
δ4 + 6 δ2 σ2 + σ4 − 4 s (δ2 + σ2))
− 4mZ2 s
(
8 s2 + δ (δ − σ)2 σ − s (3 δ2 + 2 δ σ + 3σ2)))) , (3.152)
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G
J,T (1)
Zh =
1
2s
(
DδσZh,1
(
2mh
2 δ σ +mZ
2 (4 s− 2 δ σ) + s (δ2 + σ2))
+ DδσZh,3
(
2mh
2 δ σ − 2mZ2 (4 s+ δ σ) + s
(
δ2 + σ2
)))
, (3.153)
G
J,T (0)
Zh = −
1
16s
(
−24mZ2
(
DδσZh,2
(−mh2 +mZ2)+DδσZh,4 s) (δ − σ) (δ + σ)
+ DδσZh,1
(
−8mZ4
(
4 s − 3 δ2 + 2 δ σ − 3σ2)+ s (δ2 − σ2)2
+ 4mh
2
(
δ σ (δ + σ)2 + 2mZ
2
(
6 s− 3 δ2 + 2 δ σ − 3σ2))
− 4mZ2
(
2 s
(
δ2 + σ2
)
+ δ σ
(
δ2 − 6 δ σ + σ2)))
+ DδσZh,3
(
−32mZ4 (s− δ σ) + s
(
δ2 − σ2)2
+ 4mh
2
(
δ σ (δ + σ)2 − 4mZ2 (3 s + 2 δ σ)
)
+ mZ
2
(
40 s
(
δ2 + σ2
)− 4 δ σ (δ2 + 18 δ σ + σ2)))) , (3.154)
G
J,Y (1)
Zh =
1
2
((
C
{ij}kl
Zh,A
(−mh2 − 5mZ2 + s)
+ C
{ij}kl
Zh,V
(−mh2 +mZ2 + s)) σ) , (3.155)
G
J,Y (0)
Zh =
1
16s
(
σ
(−24CZh,4mZ2 (mh2 (s− δ2)+mZ2 (−s+ δ2)
+
(
s− 2 δ2) (s− σ2))+ CZh,3 (8mh4 (s+ δ σ)
− 8mZ4 (2 s + δ (−3 δ + σ)) + s
(
8 s2 +
(
δ2 − σ2)2 − 4 s (δ2 + σ2))
− 4mZ2
(
6 s2 + δ σ
(
δ2 + 6 δ σ + σ2
)− s (9 δ2 + 2 δ σ + 3σ2))
+ 4mh
2
(
6mZ
2
(
s− δ2)− (s+ δ σ) (4 s− (δ + σ)2))))) , (3.156)
G
K,T (2)
Zh =
1
4s
(
−
((
D
{ij}kl
Zh,A +D
{ij}kl
Zh,V
)
s
(
8mZ
2 − 4 s+ δ2))
+ 6
(
D
[ij]kl
Zh,A +D
[ij]kl
Zh,V
)
s δ σ
−
(
D
{ij}kl
Zh,A +D
{ij}kl
Zh,V
) (
s− 4 δ2) σ2) , (3.157)
G
K,T (1)
Zh =
1
8s2σ
(
2 s
(−6DσZh,8mZ2 s (δ2 − σ2)
− DδσZh,5 σ2
(
8mZ
4 +mZ
2
(
6 s− δ2 − 6 δ σ − σ2)
+ 2 s
(−s+ δ2 + σ2)+mh2 (−8mZ2 + 2 s+ δ2 + 6 δ σ + σ2)))
+ DσZh,7
(
16mZ
4 s (s− δ σ)
+ 2mh
2
(
s δ (δ − σ)2 σ − 4 δ3 σ3 + 8mZ2 s (s+ δ σ)− s2
(
δ2 + 4 δ σ + σ2
))
+ 2mZ
2
(−8 s3 + 4 δ3 σ3 − s δ σ (δ2 − 10 δ σ + σ2)+ s2 (δ2 + 4 δ σ + σ2))
+ s
(−2 s2 (δ2 + σ2)− 4 δ2 σ2 (δ2 + σ2)+ s (δ4 + 6 δ2 σ2 + σ4)))) , (3.158)
G
K,T (0)
Zh =
1
64s2σ
(
DσZh,7
(
64mZ
6 δ σ (s− δ σ)
– 25 –
+ 8mh
4 δ σ (s+ δ σ)
(
−8mZ2 + (δ + σ)2
)
− s (δ2 − σ2)2 (−4 δ2 σ2 + s (δ2 + σ2))
+ 8mZ
4
(
4 s2 (δ − σ)2 + s δ σ (δ2 − 14 δ σ + σ2)+ δ2 σ2 (δ2 + 10 δ σ + σ2))
− 4mZ2
(
s2 (δ − σ)2 (δ2 + 4 δ σ + σ2)+ 4 δ3 σ3 (δ2 + 6 δ σ + σ2)
− s δ σ (δ4 + 12 δ3 σ + 6 δ2 σ2 + 12 δ σ3 + σ4))− 4mh2 (32mZ4 (s2 − δ2 σ2)
− (δ + σ)2
(
4 δ3 σ3 − s δ σ (δ + σ)2 + s2 (δ2 + σ2))
− 4mZ2
(
s2
(
δ2 + 4 δ σ + σ2
)− sδσ (δ2 + 6δσ + σ2)
− δ2σ2 (δ2 + 6δσ + σ2))))+ 2σ (24DσZh,8mZ2 (mh2 −mZ2) sδ (δ2 − σ2)
+ σ
(
24DδσZh,6mZ
2
(
mh
2 −mZ2
)
s
(
δ2 − σ2)
+ DδσZh,5
(
32mZ
6 (s− δ σ) + s2 (δ2 − σ2)2
− 2mZ2 s (δ − σ)2
(
2 s+ δ2 + 6 δ σ + σ2
)
+ 4mh
4 (s+ δ σ)
(
−8mZ2 + (δ + σ)2
)
− 4mZ4
(− (δ σ (δ2 + 18 δ σ + σ2))+ s (7 δ2 + 6 δ σ + 7σ2))
+ 2mh
2
(
32mZ
4 δ σ + s (δ + σ)2
(
−2 s+ (δ + σ)2
)
+ 4mZ
2
(
2 s2 − δ σ (δ2 + 10 δ σ + σ2)+ s (3 δ2 + 2 δ σ + 3σ2))))))) ,(3.159)
G
K,Y (2)
Zh =
1
4s
(
C
{ij}kl
Zh,A
(−8mZ2 s+ 4 s2 − s δ2 + s σ2 − 4 δ2 σ2)
+ C
{ij}kl
Zh,V
(
8mZ
2 s− 4 s2 − s δ2 + s σ2 + 4 δ2 σ2)) , (3.160)
G
K,Y (1)
Zh =
1
8s
(
δ σ
(−4CZh,2mZ2 (2mh2 − 2mZ2 + s)
+ CZh,1
(
mh
2 −mZ2 − s
) (
δ2 − σ2))) , (3.161)
G
K,Y (0)
Zh = −
1
64s2
(
CZh,3
(
δ2 − σ2) (8mh4 δ σ (s+ δ σ)− 8mZ4 (6 s2 + s δ σ − δ2 σ2)
+ s2
(
δ4 + 6 δ2 σ2 + σ4 − 4 s (δ2 + σ2))
+ 4mZ
2 s
(
4 s2 − δ (δ − σ)2 σ + s (3 δ2 + 2 δ σ + 3σ2))
− 4mh2
(
−
(
s (δ − σ)2 (s+ δ σ)
)
+ 4mZ
2
(
2 s2 + δ2 σ2
)))
+ 4CZh,4
(
16mZ
6 δ σ (−s+ δ σ) + s (δ2 − σ2)2 (−s2 + δ2 σ2)
− 4mZ4
(
−
(
δ2 (δ − σ)2 σ2
)
+ 2 s2
(
δ2 − 3 δ σ + σ2)
+ 2 s δ σ
(
δ2 − δ σ + σ2))
+ 4mZ
2
(
2 s3
(
δ2 − δ σ + σ2)− δ3 σ3 (δ2 + 6 δ σ + σ2)
+ s δ2 σ2
(
7 δ2 + 2 δ σ + 7σ2
)− s2 (δ4 − δ3 σ + 10 δ2 σ2 − δ σ3 + σ4))
− 4mh4
(
−4mZ2 s δ σ + s2 (δ + σ)2 − δ2 σ2
(
4mZ
2 + (δ + σ)2
))
– 26 –
+ 4mh
2
(
(δ + σ)2 (s− δ σ)2 (s+ δ σ) + 8mZ4
(
s2 − δ2 σ2)
+ mZ
2
(−8 s3 − 2 δ2 σ2 (δ2 + σ2)+ 2 s δ σ (δ2 + δ σ + σ2)
+ s2
(
5 δ2 − 4 δ σ + 5σ2))))) , (3.162)
where we have used the following coupling functions
DδσZh,1 = δD
[ij]kl
Zh,A + σD
{ij}kl
Zh,V , (3.163)
DδσZh,2 = δD
[ij]kl
Zh,A − σD{ij}klZh,V , (3.164)
DδσZh,3 = δD
[ij]kl
Zh,V + σD
{ij}kl
Zh,A , (3.165)
DδσZh,4 = δD
[ij]kl
Zh,V − σD
{ij}kl
Zh,A , (3.166)
DδσZh,5 = δD
[ij]kl
Zh,A + δD
[ij]kl
Zh,V , (3.167)
DδσZh,6 = δD
[ij]kl
Zh,A − δD[ij]klZh,V , (3.168)
DσZh,7 = σD
{ij}kl
Zh,V + σD
{ij}kl
Zh,A , (3.169)
DσZh,8 = σD
{ij}kl
Zh,V − σD{ij}klZh,A , (3.170)
CZh,1 = C
[ij]kl
Zh,A + C
[ij]kl
Zh,V , (3.171)
CZh,2 = C
[ij]kl
Zh,A − C [ij]klZh,V , (3.172)
CZh,3 = C
{ij}kl
Zh,A + C
{ij}kl
Zh,V , (3.173)
CZh,4 = C
{ij}kl
Zh,A − C
{ij}kl
Zh,V , (3.174)
D
{ij}kl
Zh,A = C
χ0jχ
0
k
Z
A
(
C
χ0jχ
0
l
Z
A
)∗
C
χ0
k
χ0ih
S
(
C
χ0
l
χ0i h
S
)∗
+ C
χ0
k
χ0iZ
A
(
C
χ0
l
χ0iZ
A
)∗
C
χ0jχ
0
k
h
S
(
C
χ0jχ
0
l
h
S
)∗
, (3.175)
D
[ij]kl
Zh,A = C
χ0jχ
0
k
Z
A
(
C
χ0jχ
0
l
Z
A
)∗
C
χ0
k
χ0ih
S
(
C
χ0
l
χ0i h
S
)∗
− Cχ
0
k
χ0iZ
A
(
C
χ0
l
χ0iZ
A
)∗
C
χ0jχ
0
k
h
S
(
C
χ0jχ
0
l
h
S
)∗
, (3.176)
D
{ij}kl
Zh,V = C
χ0jχ
0
k
Z
V
(
C
χ0jχ
0
l
Z
V
)∗
C
χ0
k
χ0ih
S
(
C
χ0
l
χ0i h
S
)∗
+ C
χ0
k
χ0iZ
V
(
C
χ0
l
χ0iZ
V
)∗
C
χ0jχ
0
k
h
S
(
C
χ0jχ
0
l
h
S
)∗
, (3.177)
D
[ij]kl
Zh,V = C
χ0jχ
0
k
Z
V
(
C
χ0jχ
0
l
Z
V
)∗
C
χ0
k
χ0ih
S
(
C
χ0
l
χ0i h
S
)∗
− Cχ
0
k
χ0iZ
V
(
C
χ0
l
χ0iZ
V
)∗
C
χ0jχ
0
k
h
S
(
C
χ0jχ
0
l
h
S
)∗
, (3.178)
– 27 –
C
{ij}kl
Zh,A = C
χ0
k
χ0iZ
A
(
C
χ0jχ
0
l
Z
A
)∗
C
χ0jχ
0
k
h
S
(
C
χ0
l
χ0ih
S
)∗
+ C
χ0jχ
0
k
Z
A
(
C
χ0
l
χ0iZ
A
)∗
C
χ0
k
χ0i h
S
(
C
χ0jχ
0
l
h
S
)∗
, (3.179)
C
[ij]kl
Zh,A = C
χ0
k
χ0iZ
A
(
C
χ0jχ
0
l
Z
A
)∗
C
χ0jχ
0
k
h
S
(
C
χ0
l
χ0ih
S
)∗
− Cχ
0
jχ
0
k
Z
A
(
C
χ0
l
χ0iZ
A
)∗
C
χ0
k
χ0i h
S
(
C
χ0jχ
0
l
h
S
)∗
, (3.180)
C
{ij}kl
Zh,V = C
χ0
k
χ0iZ
V
(
C
χ0jχ
0
l
Z
V
)∗
C
χ0jχ
0
k
h
S
(
C
χ0
l
χ0ih
S
)∗
+ C
χ0jχ
0
k
Z
V
(
C
χ0
l
χ0iZ
V
)∗
C
χ0
k
χ0i h
S
(
C
χ0jχ
0
l
h
S
)∗
, (3.181)
C
[ij]kl
Zh,V = C
χ0
k
χ0iZ
V
(
C
χ0jχ
0
l
Z
V
)∗
C
χ0jχ
0
k
h
S
(
C
χ0
l
χ0ih
S
)∗
− Cχ
0
jχ
0
k
Z
V
(
C
χ0
l
χ0iZ
V
)∗
C
χ0
k
χ0i h
S
(
C
χ0jχ
0
l
h
S
)∗
; (3.182)
Higgs (A)-Z cross term:
ω˜
(A−Z)
Zh = Re



 CZhACχ0iχ0jAP
s−m2A + imAΓA


∗
CZZhC
χ0iχ
0
jZ
A
s−m2Z + imZΓZ


×
(
m2Z − s
)
2m4Z
(
mh
4 +
(
mZ
2 − s)2 − 2mh2 (mZ2 + s)) σ; (3.183)
Higgs (A)-neutralino cross term:
ω˜
(A−χ0)
Zh =
1
8m2Zs
4∑
k=1
Re



 CZhACχ0iχ0jAP
s−m2A + imAΓA


∗
×
(
C
{ij}k
Zh G
C
{ij}k
Zh
A,Zh + C
[ij]k
Zh G
C
[ij]k
Zh
A,Zh
)]
, (3.184)
G
C
{ij}k
Zh
A,Zh = − 4 s
(−2 (mh2 +mZ2 − s) s+ (mh2 −mZ2 − s) δ2)
+
(
s
(
−8
(
2mh
2mZ
2 −mχ0
k
2
(
mh
2 +mZ
2 − s)) s
+ 2
(
−
((
m2h −m2Z
) (
2mχ0
k
2 +mh
2 − 3mZ2
))
+
(
2mχ0
k
2 +mh
2 + 3mZ
2
)
s
)
δ2 − (−mh2 +mZ2 + s) δ4)
– 28 –
− 2
(
2mχ0
k
(
mh
4 +
(
mZ
2 − s)2 − 2mh2 (mZ2 + s)) (s− δ2)
+
(
m2h −m2Z
)
δ
(
2
(
mh
2 +mZ
2 − s) s+ (−mh2 +mZ2 + s) δ2)) σ
+
(
2 s
(
−(mh2 −mZ2)2 + (mh2 +mZ2) s)
+
(
2
(
mh
2 −mZ2
)2 − (3mh2 + 5mZ2) s+ s2) δ2) σ2)
× F
[
s, σ, δ,m2h,m
2
Z ,mχ0
k
2
]
,
(3.185)
G
C
[ij]k
Zh
A,Zh = − δ
(
4
(
mh
2 −mZ2 − s
)
s
(
2mχ0
k
− σ
)
+
(
8mχ0
k
3
(
mh
2 −mZ2 − s
)
s
+ 4mχ0
k
2 s
(−mh2 +mZ2 + s) σ
− 2mχ0
k
(
mh
2 −mZ2 − s
) (
2mZ
2 (s− δ σ) + 2mh2 (s+ δ σ)
+ s
(−2 s + δ2 + σ2))+ σ (2mh4 δ (δ + σ) + s2 (δ − σ) (δ + σ)
+ mZ
2 s
(
4 s − 5 δ2 + 2 δ σ − σ2)+ 2mZ4 (−2 s+ δ (δ + σ))
+ mh
2
(− (s (3 δ − σ) (δ + σ)) + 4mZ2 (s− δ (δ + σ)))))
× F
[
s, σ, δ,m2h,m
2
Z ,mχ0
k
2
])
,
(3.186)
where we have used the following coupling functions
C
{ij}k
Zh = C
χ0jχ
0
k
Z
A C
χ0
k
χ0iH
S + C
χ0
k
χ0iZ
A C
χ0jχ
0
k
H
S , (3.187)
C
[ij]k
Zh = C
χ0jχ
0
k
Z
A C
χ0
k
χ0iH
S − C
χ0
k
χ0iZ
A C
χ0jχ
0
k
H
S ; (3.188)
Z-neutralino cross term:
ω˜
(Z−χ0)
Zh =
1
2
4∑
k=1
Re
[(
CZZh
s−m2Z + imZΓZ
)
1
16m4Zs
2
(
C+Zh,AG
C+
Zh,A
Z,Zh + C
−
Zh,AG
C−
Zh,A
Z,Zh
+ C+Zh,SG
C+
Zh,S
Z,Zh + C
−
Zh,SG
C−
Zh,S
Z,Zh
)]
,
(3.189)
G
C+
Zh,A
Z,Zh = −
(
δ
(
−4 s
(
4mχ0
k
2mZ
2 s+ 6mZ
4 s− 4mZ2 s2 + 2 s3 −mZ2 s δ2
− 4mχ0
k
(
mh
2 −mZ2 − s
) (
2mZ
2 − s) σ + 2mZ4 δ σ −mZ2 s σ2
− 2mh2
(
s2 +mZ
2 (−s+ δ σ)))+ (−16mχ0
k
4mZ
2 s2
+ 16mχ0
k
3
(
mh
2 −mZ2 − s
) (
2mZ
2 − s) s σ
− 4mχ0
k
(
mh
2 −mZ2 − s
) (
2mZ
2 − s) σ (2mZ2 (s− δ σ) + 2mh2 (s+ δ σ)
– 29 –
+ s
(−2 s+ δ2 + σ2))− 8mχ0
k
2 s
(
s2
(−mh2 + s)+ 2mZ4 (s+ δ σ)
− mZ2
(
s2 + 2mh
2 δ σ + s
(
δ2 + σ2
)))
+ s
(
−2mh2
(
mh
2 − s) s (δ + σ)2 + 8mZ6 (4 s− σ (δ + 3σ))
− mZ2
(
s (δ − σ)2
(
−2 s+ (δ + σ)2
)
+ 4mh
2
(
4 s2 + δ σ (δ + σ)2 − s (δ2 + σ2)))
+ mZ
4
(
s
(−6 δ2 + 4 δ σ − 30σ2)+ 4σ (2mh2 (δ + 3σ)
+ δ
(
δ2 + 6 δ σ + σ2
))))) F [s, σ, δ,m2h,m2Z ,mχ0
k
2
]))
, (3.190)
G
C−
Zh,A
Z,Zh = − 2 s δ
(−4 s (−6mZ4 + (mh2 − s) (s− σ2)+mZ2 (s+ σ2))
− (−7mZ4 s δ2 +mZ2 s2 δ2 − 12mZ6 δ σ + 2mZ4 s δ σ − 2mZ2 s2 δ σ
+ 12mZ
6 σ2 − 23mZ4 s σ2 + 5mZ2 s2 σ2 + 26mZ4 δ2 σ2 − 5mZ2 s δ2 σ2
+ s2 δ2 σ2 + 2mZ
4 δ σ3 + 2mZ
2 s δ σ3 −mZ2 s σ4 − s2 σ4
− mh4 (δ + σ)
(−2 δ σ2 + s (δ + σ))
− 4mχ0
k
2 s
(
6mZ
4 − (mh2 − s) (s− σ2)−mZ2 (s+ σ2))
+ mh
2
(
12mZ
4 (2 s+ (δ − σ) σ) + s (δ + σ) (σ2 (−3 δ + σ) + s (δ + σ))
+ mZ
2
(−8 s2 − 4 δ σ2 (δ + σ) + 2 s (δ2 + 3σ2))))
× F
[
s, σ, δ,m2h,m
2
Z ,mχ0
k
2
])
, (3.191)
G
C+
Zh,S
Z,Zh = 4 s
(
8mχ0
k
3mZ
2 s+ 4mχ0
k
2mZ
2 s σ
− 2mχ0
k
mZ
2
(
2mZ
2 (s− δ σ) + 2mh2 (s+ δ σ)
+ s
(−2 s+ δ2 + σ2))− σ (−2 s3 − 2mZ4 (3 s+ δ σ) +mZ2 s (4 s+ δ2 + σ2)
+ 2mh
2
(
s2 +mZ
2 (−s+ δ σ))))+ (32mχ0
k
5mZ
2 s2 + 16mχ0
k
4mZ
2 s2 σ
− 16mχ0
k
3mZ
2 s
(
2mZ
2 (s− δ σ) + 2mh2 (s+ δ σ) + s
(−2 s+ δ2 + σ2))
+ 8mχ0
k
2 s σ
(
s2
(−mh2 + s)+ 2mZ4 (s+ δ σ)
− mZ2
(
s2 + 2mh
2 δ σ + s
(
δ2 + σ2
)))
+ s σ
(
2mh
2
(
mh
2 − s) s (δ + σ)2 + 8mZ6 (−4 s+ δ (3 δ + σ))
− 2mZ4
(
4mh
2 δ (3 δ + σ) + s
(−15 δ2 + 2 δ σ − 3σ2)
+ 2 δ σ
(
δ2 + 6 δ σ + σ2
))
+mZ
2
(
s (δ − σ)2
(
−2 s + (δ + σ)2
)
+ 4mh
2
(
4 s2 + δ σ (δ + σ)2 − s (δ2 + σ2))))
+ 2mχ0
k
(
8mZ
6 δ σ (−s+ δ σ) +mZ2 s2
(
δ4 + 14 δ2 σ2 + σ4 − 8 s (δ2 + σ2))
+ 2 s3
(−2 δ2 σ2 + s (δ2 + σ2))
+ 2mh
4
(
4mZ
2 δ2 σ2 − 2 s δ σ (−2mZ2 + δ σ)+ s2 (δ2 + σ2))
+ 2mZ
4 s
(−16 s2 − 2 δ σ (δ2 − δ σ + σ2)+ s (7 δ2 + 4 δ σ + 7σ2))
+ 4mh
2
(
mZ
2 s δ σ
(−2 s+ δ2 + σ2)
– 30 –
+ 4mZ
4
(
s2 − δ2 σ2)− s2 (−2 δ2 σ2 + s (δ2 + σ2)))))
× F
[
s, σ, δ,m2h,m
2
Z ,mχ0
k
2
]
, (3.192)
G
C−
Zh,S
Z,Zh = − 2 s
(
4 s
(−6mZ4 + (mh2 − s) (s− δ2)+mZ2 (s+ δ2)) σ
+
(
−4mχ0
k
2 s
(
6mZ
4 − (mh2 − s) (s− δ2)−mZ2 (s+ δ2)) σ
+ 2mχ0
k
s
(
mh
4 + 13mZ
4 − 2mZ2 s+ s2 − 2mh2
(
mZ
2 + s
)) (
δ2 − σ2)
+ σ
(
12mZ
6 δ (δ − σ) + s2 δ2 (−δ2 + σ2)
− mh4 (δ + σ)
(−2 δ2 σ + s (δ + σ))
+ mZ
4
(
2 δ2 σ (δ + 13σ) + s
(−23 δ2 + 2 δ σ − 7σ2))
+ mZ
2 s
(
s
(
5 δ2 − 2 δ σ + σ2)− δ2 (δ2 − 2 δ σ + 5σ2))
+ mh
2
(
12mZ
4 (2 s+ δ (−δ + σ)) + s (δ + σ) (δ2 (δ − 3σ) + s (δ + σ))
+ mZ
2
(−8 s2 − 4 δ2 σ (δ + σ) + 2 s (3 δ2 + σ2)))))
× F
[
s, σ, δ,m2h,m
2
Z ,mχ0
k
2
])
, (3.193)
where we have used the following coupling functions
C±Zh,S = C
χ0iχ
0
jZ
A C
{ij}k
Zh,A ± C
χ0iχ
0
jZ
V C
{ij}k
Zh,V , (3.194)
C±Zh,A = C
χ0iχ
0
jZ
A C
[ij]k
Zh,A ± C
χ0iχ
0
jZ
V C
[ij]k
Zh,V , (3.195)
C
{ij}k
Zh,A = C
χ0jχ
0
k
Z
A C
χ0
k
χ0i r
S + C
χ0
k
χ0iZ
A C
χ0jχ
0
k
r
S , (3.196)
C
[ij]k
Zh,A = C
χ0jχ
0
k
Z
A C
χ0
k
χ0i r
S − C
χ0
k
χ0iZ
A C
χ0jχ
0
k
r
S , (3.197)
C
{ij}k
Zh,V = C
χ0jχ
0
k
Z
V C
χ0
k
χ0i r
S + C
χ0
k
χ0iZ
V C
χ0jχ
0
k
r
S , (3.198)
C
[ij]k
Zh,V = C
χ0jχ
0
k
Z
V C
χ0
k
χ0i r
S − C
χ0
k
χ0iZ
V C
χ0jχ
0
k
r
S . (3.199)
χ
0
i χ
0
j → ZA
Contributions to ω˜ come from s-channel Higgs boson exchange, t- and u-channel neutralino
exchange and cross terms
ω˜χ0
i
χ0
j
→ZA = ω˜
(h,H)
ZA + ω˜
(χ0)
ZA + ω˜
(h,H−χ0)
ZA : (3.200)
S-channel CP-even Higgs boson (h,H):
ω˜
(h,H)
ZA =
∑
r=h,H
∣∣∣∣∣ C
AZrC
χiχjA
P
s−m2r + imrΓr
∣∣∣∣∣
2
(
s− σ2) (s2 − 2 (m2Z +m2A) s+ (m2Z −m2A)2)
2m2Z
;
(3.201)
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T- and U-channel neutralino:
ω˜
(χ0)
ZA =
1
2m2Z
4∑
k,l=1
[
mχ0
k
mχ0
l
IZhkl +mχ0
k
JZhkl +K
Zh
kl
]
, (3.202)
where
IZAkl =
(
−D+ZA,{ij}T2 +G
I,T (1)
ZA T1 +GI,T (0)ZA T0 − C+ZA,{ij}Y2
+
1
2s
C+ZA,[ij]σδ
(
s+m2Z −m2A
)Y1
+ G
I,Y (0)
ZA Y0
)
(s, σ, δ,m2A,m
2
Z ,m
2
χ0
k
,m2χ0
l
) , (3.203)
JZAkl =
(
D+ZA,{ij} (σ + δ) T2 +G
J,T (1)
ZA T1 +GJ,T (0)ZA T0 + C+ZA,{ij} (σ + δ)Y2
+ G
J,Y (1)
ZA Y1 +GJ,Y (0)ZA Y0
)
(s, σ, δ,m2A,m
2
Z ,m
2
χ0
k
,m2χ0
l
) , (3.204)
KZAkl =
(
G
K,T (2)
ZA T2 +GK,T (1)ZA T1 +GK,T (0)ZA T0
+ G
K,Y (2)
ZA Y2 +GK,Y (1)ZA Y1 +GK,Y (0)ZA Y0
)
(s, σ, δ,m2A,m
2
Z ,m
2
χ0
k
,m2χ0
l
) ,
(3.205)
G
I,T (1)
ZA =
1
2s
(
2D+ZA,[ij]
(
mA
2 −mZ2 − s
)
δ σ
+ D+
ZA,{ij}
(
2mZ
2 (s− δ σ) + 2mA2 (s+ δ σ)
+ s
(−2 s+ δ2 + σ2))) , (3.206)
G
I,T (0)
ZA = −
1
16s2
(
4
(
6D−ZA,{ij}mZ
2 s2 (δ + σ)2
+ D+ZA,[ij]
(
mA
2 −mZ2 − s
)
δ σ
(
2mZ
2 (s− δ σ)
+ 2mA
2 (s+ δ σ) + s
(−2 s + δ2 + σ2)))
+ D+ZA,{ij}
(
8mZ
4 δ σ (−s+ δ σ) + 8mA4 δ σ (s+ δ σ)
+ 4mA
2 (s+ δ σ)
(
s (δ − σ)2
+ 4mZ
2 (s− δ σ))+ s2 (δ4 + 6 δ2 σ2 + σ4 − 4 s (δ2 + σ2))
− 4mZ2 s
(
8 s2 + δ (δ − σ)2 σ − s (3 δ2 + 2 δ σ + 3σ2)))) , (3.207)
G
I,Y (0)
ZA = −
1
16s2
(
24C−ZA,{ij}mZ
2 s2 (δ + σ)2
+ C+ZA,{ij}
(
8mZ
4 δ σ (−s+ δ σ) + 8mA4 δ σ (s+ δ σ)
+ 4mA
2 (s+ δ σ)
(
s (δ − σ)2 + 4mZ2 (s− δ σ)
)
+ s2
(
δ4 + 6 δ2 σ2 + σ4 − 4 s (δ2 + σ2))
− 4mZ2 s
(
8 s2 + δ (δ − σ)2 σ − s (3 δ2 + 2 δ σ + 3σ2)))) , (3.208)
– 32 –
G
J,T (1)
ZA = −
1
2s
(
(δ + σ)
(
−6D−ZA,{ij}mZ2 s
+ D+ZA,{ij}
(
2mA
2 δ σ − 2mZ2 (s+ δ σ) + s
(
δ2 + σ2
))))
, (3.209)
G
J,T (0)
ZA =
1
16s
(
(δ + σ)
(
24mZ
2
(
−
(
D−ZA,[ij]
(
mA
2 −mZ2 + s
))
+ D+ZA,[ij]
(−mA2 +mZ2 + s)) δ σ
+ 12D−
ZA,{ij}mZ
2
(
2 δ σ
(
mZ
2 − 2 δ σ) − 2mA2 (2 s+ δ σ) + s (δ2 + σ2))
+ D+ZA,{ij}
(
mZ
4 (−32 s + 8 δ σ) + (δ + σ)2
(
s (δ − σ)2 + 4mA2 δ σ
)
+ 4mZ
2
(
s
(
δ2 + σ2
)− δ σ (2mA2 + δ2 + 6 δ σ + σ2))))) , (3.210)
G
J,Y (1)
ZA = −
1
2
((
3C−ZA,{ij}mZ
2 + C+ZA,{ij}
(
mA
2 + 2mZ
2 − s)) (δ + σ)) , (3.211)
G
J,Y (0)
ZA =
1
16s
(
(δ + σ)
(
24C−ZA,{ij}mZ
2
(
s
(−mA2 +mZ2 − s+ δ2)
+
(
s− 2 δ2) σ2)+ C+ZA,{ij} (8mA4 (s+ δ σ)− 8mZ4 (2 s + δ σ)
+ s
(
8 s2 +
(
δ2 − σ2)2 − 4 s (δ2 + σ2))
− 4mZ2
(
6 s2 + δ σ
(
δ2 + 6 δ σ + σ2
)− s (3 δ2 + 2 δ σ + 3σ2))
+ 4mA
2
(
6mZ
2 s− (s+ δ σ)
(
4 s− (δ + σ)2
)))))
, (3.212)
G
K,T (2)
ZA = −
1
4s
(
D+ZA,{ij} s
(
8mZ
2 − 4 s+ δ2)
− 6D+ZA,[ij] s δ σ +D+ZA,{ij}
(
s− 4 δ2) σ2) , (3.213)
G
K,T (1)
ZA =
1
8s2
(
2 s
(
−6D−ZA,{ij}mZ2 s (δ + σ)2
− D+ZA,[ij] δ σ
(
8mZ
4 +mZ
2
(
6 s − δ2 − 6 δ σ − σ2)
+ 2 s
(−s+ δ2 + σ2)+mA2 (−8mZ2 + 2 s + δ2 + 6 δ σ + σ2)))
+ D+ZA,{ij}
(
16mZ
4 s (s− δ σ) + 2mA2
(
s δ (δ − σ)2 σ − 4 δ3 σ3
+ 8mZ
2 s (s+ δ σ)− s2 (δ2 + 4 δ σ + σ2))
− 2mZ2
(
8 s3 − 4 δ3 σ3 + s δ σ (δ2 − 10 δ σ + σ2)− s2 (δ2 + 4 δ σ + σ2))
+ s
(−2 s2 (δ2 + σ2)− 4 δ2 σ2 (δ2 + σ2)+ s (δ4 + 6 δ2 σ2 + σ4)))) ,
(3.214)
G
K,T (0)
ZA =
1
64s2
(
D+ZA,{ij}
(
64mZ
6 δ σ (s− δ σ)
+ 8mA
4 δ σ (s+ δ σ)
(
−8mZ2 + (δ + σ)2
)
− s (δ2 − σ2)2 (−4 δ2 σ2 + s (δ2 + σ2))
+ 8mZ
4
(
4 s2 (δ − σ)2 + s δ σ (δ2 − 14 δ σ + σ2)
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+ δ2 σ2
(
δ2 + 10 δ σ + σ2
))− 4mZ2 (s2 (δ − σ)2 (δ2 + 4 δ σ + σ2)
+ 4 δ3 σ3
(
δ2 + 6 δ σ + σ2
)− s δ σ (δ4 + 12 δ3 σ + 6 δ2 σ2 + 12 δ σ3 + σ4))
− 4mA2
(
32mZ
4
(
s2 − δ2 σ2)− (δ + σ)2 (4 δ3 σ3 − s δ σ (δ + σ)2
+ s2
(
δ2 + σ2
))− 4mZ2 (s2 (δ2 + 4 δ σ + σ2)− s δ σ (δ2 + 6 δ σ + σ2)
− δ2 σ2 (δ2 + 6 δ σ + σ2))))
+ 2 δ σ
(
24
(
D−ZA,[ij] −D−ZA,{ij}
)
mZ
2
(−mA2 +mZ2) s (δ + σ)2
+ D+ZA,[ij]
(
32mZ
6 (s− δ σ) + s2 (δ2 − σ2)2
− 2mZ2 s (δ − σ)2
(
2 s+ δ2 + 6 δ σ + σ2
)
+ 4mA
4 (s+ δ σ)
(
−8mZ2 + (δ + σ)2
)
− 4mZ4
(− (δ σ (δ2 + 18 δ σ + σ2))+ s (7 δ2 + 6 δ σ + 7σ2))
+ 2mA
2
(
32mZ
4 δ σ + s (δ + σ)2
(
−2 s+ (δ + σ)2
)
+ 4mZ
2
(
2 s2 − δ σ (δ2 + 10 δ σ + σ2)+ s (3 δ2 + 2 δ σ + 3σ2)))))) ,(3.215)
G
K,Y (2)
ZA =
1
4s
(
−
(
C+ZA,{ij} s (δ + σ)
2
)
+ 4C−ZA,{ij}
(
2mZ
2 s− s2 + δ2 σ2)) , (3.216)
G
K,Y (1)
ZA =
1
8s
(
δ σ
(
4C−ZA,[ij]mZ
2
(
2mA
2 − 2mZ2 + s
)
+ C+ZA,[ij]
(
mA
2 −mZ2 − s
)
(δ + σ)2
))
, (3.217)
G
K,Y (0)
ZA =
1
64s2
(
−
(
C+ZA,{ij} (δ + σ)
2 (8mA4 δ σ (s+ δ σ)
− 8mZ4
(
6 s2 + s δ σ − δ2 σ2)+ s2 (δ4 + 6 δ2 σ2 + σ4 − 4 s (δ2 + σ2))
+ 4mZ
2 s
(
4 s2 − δ (δ − σ)2 σ + s (3 δ2 + 2 δ σ + 3σ2))
− 4mA2
(
−
(
s (δ − σ)2 (s+ δ σ)
)
+ 4mZ
2
(
2 s2 + δ2 σ2
))))
+ 4C−ZA,{ij}
(
16mZ
6 δ σ (−s+ δ σ) + s (δ2 − σ2)2 (−s2 + δ2 σ2)
− 4mZ4
(
−
(
δ2 (δ − σ)2 σ2
)
+ 2 s2
(
δ2 − 3 δ σ + σ2)
+ 2 s δ σ
(
δ2 − δ σ + σ2))+ 4mZ2 (2 s3 (δ2 − δ σ + σ2)
− δ3 σ3 (δ2 + 6 δ σ + σ2)+ s δ2 σ2 (7 δ2 + 2 δ σ + 7σ2)
− s2 (δ4 − δ3 σ + 10 δ2 σ2 − δ σ3 + σ4))
− 4mA4
(
−4mZ2 s δ σ + s2 (δ + σ)2 − δ2 σ2
(
4mZ
2 + (δ + σ)2
))
+ 4mA
2
(
(δ + σ)2 (s− δ σ)2 (s+ δ σ) + 8mZ4
(
s2 − δ2 σ2)
+ mZ
2
(−8 s3 − 2 δ2 σ2 (δ2 + σ2)
+ 2 s δ σ
(
δ2 + δ σ + σ2
)
+ s2
(
5 δ2 − 4 δ σ + 5σ2))))) , (3.218)
where we have used the following coupling functions
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D+ZA,{ij} = D
{ij}kl
V P +D
{ij}kl
AP , (3.219)
D−ZA,{ij} = D
{ij}kl
V P −D{ij}klAP , (3.220)
D+ZA,[ij] = D
[ij]kl
V P +D
[ij]kl
AP , (3.221)
D−ZA,[ij] = D
[ij]kl
V P −D[ij]klAP , (3.222)
C+ZA,{ij} = C
{ij}kl
V P + C
{ij}kl
AP , (3.223)
C−ZA,{ij} = C
{ij}kl
V P − C{ij}klAP , (3.224)
C+ZA,[ij] = C
[ij]kl
V P +C
[ij]kl
AP , (3.225)
C−ZA,[ij] = C
[ij]kl
V P −C [ij]klAP , (3.226)
D
{ij}kl
V P = C
χ0
k
χ0iA
P
(
C
χ0
l
χ0iA
P
)∗
C
χ0jχ
0
k
Z
V
(
C
χ0jχ
0
l
Z
V
)∗
+ C
χ0
k
χ0iZ
V
(
C
χ0
l
χ0iZ
V
)∗
C
χ0jχ
0
k
A
P
(
C
χ0jχ
0
l
A
P
)∗
, (3.227)
D
[ij]kl
V P = C
χ0
k
χ0iA
P
(
C
χ0
l
χ0iA
P
)∗
C
χ0jχ
0
k
Z
V
(
C
χ0jχ
0
l
Z
V
)∗
− Cχ
0
k
χ0iZ
V
(
C
χ0
l
χ0iZ
V
)∗
C
χ0jχ
0
k
A
P
(
C
χ0jχ
0
l
A
P
)∗
, (3.228)
D
{ij}kl
AP = C
χ0
k
χ0iA
P
(
C
χ0
l
χ0iA
P
)∗
C
χ0jχ
0
k
Z
A
(
C
χ0jχ
0
l
Z
A
)∗
+ C
χ0
k
χ0iZ
A
(
C
χ0
l
χ0iZ
A
)∗
C
χ0jχ
0
k
A
P
(
C
χ0jχ
0
l
A
P
)∗
, (3.229)
D
[ij]kl
AP = C
χ0
k
χ0iA
P
(
C
χ0
l
χ0iA
P
)∗
C
χ0jχ
0
k
Z
A
(
C
χ0jχ
0
l
Z
A
)∗
− Cχ
0
k
χ0iZ
A
(
C
χ0
l
χ0iZ
A
)∗
C
χ0jχ
0
k
A
P
(
C
χ0jχ
0
l
A
P
)∗
, (3.230)
C
{ij}kl
V P = C
χ0
k
χ0iZ
V
(
C
χ0
l
χ0iA
P
)∗
C
χ0jχ
0
k
A
P
(
C
χ0jχ
0
l
Z
V
)∗
+ C
χ0
k
χ0iA
P
(
C
χ0
l
χ0iZ
V
)∗
C
χ0jχ
0
k
Z
V
(
C
χ0jχ
0
l
A
P
)∗
, (3.231)
C
[ij]kl
V P = C
χ0
k
χ0iZ
V
(
C
χ0
l
χ0iA
P
)∗
C
χ0jχ
0
k
A
P
(
C
χ0jχ
0
l
Z
V
)∗
− Cχ
0
k
χ0iA
P
(
C
χ0
l
χ0iZ
V
)∗
C
χ0jχ
0
k
Z
V
(
C
χ0jχ
0
l
A
P
)∗
, (3.232)
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C
{ij}kl
AP = C
χ0
k
χ0iZ
A
(
C
χ0
l
χ0iA
P
)∗
C
χ0jχ
0
k
A
P
(
C
χ0jχ
0
l
Z
A
)∗
+ C
χ0
k
χ0iA
P
(
C
χ0
l
χ0iZ
A
)∗
C
χ0jχ
0
k
Z
A
(
C
χ0jχ
0
l
A
P
)∗
, (3.233)
C
[ij]kl
AP = C
χ0
k
χ0iZ
A
(
C
χ0
l
χ0iA
P
)∗
C
χ0jχ
0
k
A
P
(
C
χ0jχ
0
l
Z
A
)∗
− Cχ
0
k
χ0iA
P
(
C
χ0
l
χ0iZ
A
)∗
C
χ0jχ
0
k
Z
A
(
C
χ0jχ
0
l
A
P
)∗
; (3.234)
Higgs (h, H)-neutralino cross term:
ω˜
(h,H−χ0)
ZA =
1
8m2Zs
4∑
l=1
2∑
r=1
Re



 CZrACχ0iχ0j rS
s−m2r + imrΓr


∗(
CijlA G
Cijl
A
r,ZA + C
ijl
P G
Cijl
P
r,ZA
) , (3.235)
G
Cijl
A
r,ZA = δ
(
4 s
(−mA2 +mZ2 + s) σ + (4mχ0
l
2 s
(−mA2 +mZ2 + s) σ
− 4mχ0
l
(
mA
4 +
(
mZ
2 − s)2 − 2mA2 (mZ2 + s)) (s− σ2)
+ σ
(
2mA
4 σ (δ + σ) +mZ
2 s
(
4 s − δ2 + 2 δ σ − 5σ2)
+ s2
(−δ2 + σ2)+ 2mZ4 (−2 s+ σ (δ + σ))
+ mA
2
(
s
(
δ2 − 2 δ σ − 3σ2)+ 4mZ2 (s− σ (δ + σ)))))
× F
[
s, σ, δ,m2h,m
2
Z ,mχ0
l
2
])
, (3.236)
G
Cijl
P
r,ZA = − 4 s
(
mA
2
(
2 s+
(
2mχ0
l
− σ
)
σ
)
+ s
(
−2 s− 2mχ0
l
σ + σ2
)
+ mZ
2
(
2 s− 2mχ0
l
σ + σ2
))
− (−2mZ4 s δ2 + 2mZ2 s2 δ2
+ 8mχ0
l
3
(
mA
2 −mZ2 − s
)
s σ + 4mZ
4 s δ σ − 4mZ2 s2 δ σ
− 6mZ4 s σ2 + 6mZ2 s2 σ2 + 2mZ4 δ2 σ2 − 5mZ2 s δ2 σ2 + s2 δ2 σ2
+ 2mZ
4 δ σ3 + 2mZ
2 s δ σ3 −mZ2 s σ4 − s2 σ4
− 2mA4 (δ + σ)
(− (δ σ2)+ s (δ + σ))
+ 4mχ0
l
2 s
(
mA
2
(
2 s − σ2)+ s (−2 s+ σ2)+mZ2 (2 s + σ2))
− 2mχ0
l
(
mA
2 −mZ2 − s
)
σ
(
2mZ
2 (s− δ σ) + 2mA2 (s+ δ σ)
+ s
(−2 s+ δ2 + σ2))+mA2 (s (δ + σ) (σ2 (−3 δ + σ) + 2 s (δ + σ))
− 4mZ2
(
4 s2 + δ σ2 (δ + σ)− s (δ2 + 2σ2)))) F [s, σ, δ,m2h,m2Z ,mχ0
l
2
]
,
(3.237)
where we have used the coupling functions
CijlP =
(
C
χ0jχ
0
l
Z
A
)∗ (
C
χ0
l
χ0iA
P
)∗
+
(
C
χ0
l
χ0iZ
A
)∗(
C
χ0jχ
0
l
A
P
)∗
, (3.238)
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CijlA =
(
C
χ0jχ
0
l
Z
A
)∗ (
C
χ0
l
χ0iA
P
)∗
−
(
C
χ0
l
χ0iZ
A
)∗(
C
χ0jχ
0
l
A
P
)∗
. (3.239)
χ
0
i χ
0
j →WW
Contributions to ω˜ come from s-channel Z and Higgs boson exchanges, t- and u-channel
chargino exchange and cross terms
ω˜χ0iχ0j→WW = ω˜
(h,H)
WW + ω˜
(Z)
WW + ω˜
(χ±)
WW + ω˜
(h,H−χ±k )
WW + ω˜
(Z−χ±)
WW : (3.240)
S-channel CP-even Higgs boson (h,H):
ω˜
(h,H)
WW =
∑
r=h,H
∣∣∣∣ CWWrC
χiχjr
S
s−m2r + imrΓr
∣∣∣∣
2 (
s− σ2) (s2 − 4sm2W + 12m4W )
8m4W
; (3.241)
S-channel Z-boson:
ω˜
(Z)
WW =
∣∣∣∣∣ C
WWZC
χiχjZ
A
s−m2Z + imZΓZ
∣∣∣∣∣
2 (
s− σ2) (2s+ δ2) (s3 + 16s2m2W − 68sm4W − 48m6W )
24sm4W
;
(3.242)
T- and U-channel chargino:
ω˜
(χ±)
WW =
1
m4W
2∑
k,l=1
[
mχ±
k
mχ±
l
IWWkl +mχ±
k
JWWkl +K
WW
kl
]
, (3.243)
where
IWWkl =
(
C−+WW,D
(
s− 4m2W
) T2 +GI,T (1)WW T1 +GI,T (0)WW T0 + C−−WW,D,2 (s− 4m2W )Y2
+ G
I,Y (0)
WW Y0
)
(s, σ, δ,m2W ,m
2
W ,m
2
χ±
k
,m2
χ±
l
) , (3.244)
JWWkl =
(
3Dδσ+WW,Cm
2
W T2 +GJ,T (1)WW T1 +GJ,T (0)WW T0
+ Dδσ−WW,C,2
(
s−m2W
)Y2 +GJ,Y (1)WW Y1
+ G
J,Y (0)
WW Y0
)
(s, σ, δ,m2W ,m
2
W ,m
2
χ±
k
,m2
χ±
l
) , (3.245)
KWWkl =
(
−C++WW,DT4 − C++WW,D
(
s− σ2 − δ2 − 2m2W
) T3
+ G
K,T (2)
WW T2 +GK,T (1)WW T1 +GK,T (0)WW T0 + C+−WW,D,2Y4
+ G
K,Y (2)
WW Y2 +GK,Y (0)WW Y0
)
(s, σ, δ,m2W ,m
2
W ,m
2
χ±
k
,m2
χ±
l
) , (3.246)
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G
I,T (1)
WW =
1
2
C−+WW,D
(
16mW
4 − s (δ2 + σ2)+ 4mW 2 (−2 s + δ2 + σ2)) , (3.247)
G
I,T (0)
WW =
1
16
(
C−+WW,D
(−64mW 6 + 64mW 4 s− 40mW 4 δ2 + 16mW 2 s δ2
− 4mW 2 δ4 + s δ4 − 40mW 4 σ2 + 16mW 2 s σ2 − 8mW 2 δ2 σ2
− 2 s δ2 σ2 − 4mW 2 σ4 + s σ4
)
+ C−−WW,D
(
72mW
4
(
δ2 − σ2))) , (3.248)
G
I,Y (0)
WW =
1
16
(
C−−WW,D,2
(
−64mW 6 + s
(
δ2 − σ2)2 + 8mW 4 (δ2 + σ2)
+ 4mW
2
(
2 s − δ2 − σ2) (δ2 + σ2)
+ 4C−+WW,D,2
(
6mW
4 + 4mW
2 s− s2) (δ2 − σ2))) , (3.249)
G
J,T (1)
WW = −
3
2
m2W
(
D
{−+}
WW δ
(
δ2 − 2m2W
)
+ C
{−+}
WW σ
(
σ2 − 2m2W
))
, (3.250)
G
J,T (0)
WW =
3m2W
16s
(
D
{−+}
WW
(−32mW 4 s δ + 4mW 2 s δ3 + s δ5
+ 12mW
2 s δ σ2 − 8mW 2 δ3 σ2 − s δ σ4
)
+ C
{−+}
WW
(−32mW 4 s σ + 12mW 2 s δ2 σ − s δ4 σ + 4mW 2 s σ3
− 8mW 2 δ2 σ3 + s σ5
))
, (3.251)
G
J,Y (1)
WW =
m2W
8
(
Dδσ−WW,C,2
(
12m2W − 8s + 3
(
δ2 + σ2
))
+ 3Dδσ+WW,C,2
(
σ2 − δ2)) , (3.252)
G
J,Y (0)
WW =
1
16s
(
−Dδσ−WW,C,2
(
16mW
6 s− s2 (δ2 − σ2)2
− 8mW 4
(
11 s2 + δ2 σ2 − 5 s (δ2 + σ2))
+ mW
2 s
(
16 s2 + δ4 − 14 δ2 σ2 + σ4 − 2 s (δ2 + σ2)))
+ 6sm2WD
δσ+
WW,C,2
(
4mW
2 − s) (δ2 − σ2)) , (3.253)
G
K,T (2)
WW =
1
8s
(
C++WW,D
(−40mW 4 s+ 32mW 2 s2 − 12mW 2 s δ2 + 4 s2 δ2 − 3 s δ4
− 12mW 2 s σ2 + 4 s2 σ2 + 8mW 2 δ2 σ2 − 2 s δ2 σ2 − 3 s σ4
)
+ 8m2W δ
2σ2
)
, (3.254)
G
K,T (1)
WW =
1
16s
(
C++WW,D
(
128mW
6 s− s (s− δ2 − σ2) (δ2 − σ2)2
− 16mW 4
(
4 s2 − δ2 σ2)− 2mW 2 (8 s2 (δ2 + σ2)+ 4 δ2 σ2 (δ2 + σ2)
− s (3 δ4 + 2 δ2 σ2 + 3σ4)))+ 72m4W s (δ2 − σ2)C+−WW,D) , (3.255)
G
K,T (0)
WW = −
1
256s2
(
C++WW,D
(
1024mW
8 s2 − 256mW 6 s2 δ2 − 48mW 4 s2 δ4
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+ 8mW
2 s2 δ6 + s2 δ8 − 256mW 6 s2 σ2
+ 512mW
6 s δ2 σ2 − 416mW 4 s2 δ2 σ2 − 64mW 4 s δ4 σ2 − 8mW 2 s2 δ4 σ2
− 16mW 2 s δ6 σ2 − 4 s2 δ6 σ2 − 48mW 4 s2 σ4 − 64mW 4 s δ2 σ4
− 8mW 2 s2 δ2 σ4 + 128mW 4 δ4 σ4
+ 32mW
2 s δ4 σ4 + 6 s2 δ4 σ4
+ 8mW
2 s2 σ6 − 16mW 2 s δ2 σ6 − 4 s2 δ2 σ6 + s2 σ8
))
, (3.256)
G
K,Y (2)
WW =
1
8s
(
C+−WW,D,2
(
8mW
4 s− 32mW 2 s2 + s δ4 + 8mW 2 δ2 σ2 − 2 s δ2 σ2 + s σ4
)
+ C++WW,D,2
(
8mW
2 s δ2 − 2 s2 δ2 − 8mW 2 s σ2 + 2 s2 σ2
))
, (3.257)
G
K,Y (0)
WW =
1
256s
(
−4C++WW,D,2
(
δ2 − σ2) (32mW 6 s+ s2 (δ2 − σ2)2
− 8mW 4
(
6 s2 + 10 δ2 σ2 − s (δ2 + σ2))
+ 4mW
2 s
(−δ4 + 6 δ2 σ2 − σ4 + 2 s (δ2 + σ2)))+ C+−WW,D,2 (s (δ2 − σ2)4
+ 16mW
2
(
δ2 − σ2)2 (−4 s2 + δ2 σ2)
− 256mW 6
(
8 s2 − δ2 σ2 − 2 s (δ2 + σ2))+ 16mW 4 (48 s2 (δ2 + σ2)
+ 20 δ2 σ2
(
δ2 + σ2
)− s (9 δ4 + 118 δ2 σ2 + 9σ4)))) , (3.258)
where we have used the following coupling functions:
Dδσ+WW,C = δD
{−+}
WW + σC
{−+}
WW , (3.259)
Dδσ−WW,C = δD
{−+}
WW − σC{−+}WW , (3.260)
Dδσ+WW,C,2 = δD
{−+}
WW,2 + σC
{−+}
WW,2 , (3.261)
Dδσ−WW,C,2 = δD
{−+}
WW,2 − σC{−+}WW,2 , (3.262)
C−±WW,D = C
−
WW ±D−WW , (3.263)
C+±WW,D = C
+
WW ±D+WW , (3.264)
C−±WW,D,2 = C
−
WW,2 ±D−WW,2 , (3.265)
C+±WW,D,2 = C
+
WW,2 ±D+WW,2 , (3.266)
C
{−+}
WW = C
−+
WW + C
+−
WW , (3.267)
C
[−+]
WW = C
−+
WW − C+−WW , (3.268)
D
{−+}
WW = D
−+
WW +D
+−
WW , (3.269)
D
[−+]
WW = D
−+
WW −D+−WW , (3.270)
C
{−+}
WW,2 = C
−+
WW,2 + C
+−
WW,2 , (3.271)
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C
[−+]
WW,2 = C
−+
WW,2 − C+−WW,2 , (3.272)
D
{−+}
WW,2 = D
−+
WW,2 +D
+−
WW,2 , (3.273)
D
[−+]
WW,2 = D
−+
WW,2 −D+−WW,2 , (3.274)
C±WW = Re
(
C±WW,k
(
C±WW,l
)∗)
, (3.275)
D±WW = Re
(
D±WW,k
(
D±WW,l
)∗)
, (3.276)
C±WW,2 = Re
(
C±WW,kC
±
WW,l
)
, (3.277)
D±WW,2 = Re
(
D±WW,kD
±
WW,l
)
, (3.278)
C−+WW = Re
(
C−WW,k
(
C+WW,l
)∗)
, (3.279)
C+−WW = Re
(
C+WW,k
(
C−WW,l
)∗)
, (3.280)
D−+WW = Re
(
D−WW,k
(
D+WW,l
)∗)
, (3.281)
D+−WW = Re
(
D+WW,k
(
D−WW,l
)∗)
, (3.282)
C−+WW,2 = Re
(
C−WW,kC
+
WW,l
)
, (3.283)
C+−WW,2 = Re
(
C+WW,kC
−
WW,l
)
, (3.284)
D−+WW,2 = Re
(
D−WW,kD
+
WW,l
)
, (3.285)
D+−WW,2 = Re
(
D+WW,kD
−
WW,l
)
, (3.286)
C±WW,k = C
χ+
k
χ0jW
−
V
(
C
χ+
k
χ0iW
−
V
)∗
± Cχ
+
k
χ0jW
−
A
(
C
χ+
k
χ0iW
−
A
)∗
, (3.287)
D±WW,l = C
χ+
l
χ0jW
−
A
(
C
χ+
l
χ0iW
−
V
)∗
± Cχ
+
l
χ0jW
−
V
(
C
χ+
l
χ0iW
−
A
)∗
; (3.288)
Higgs (h, H)-chargino cross term:
ω˜
(h,H−χ±k )
WW =
2∑
k=1
Re



 ∑
r=h,H
CWWrC
χ0iχ
0
jr
S
s−m2r + imrΓr

 1
16m4W s
×
(
C−WW,kG
C−
WW,k
r,WW + C
+
WW,kG
C+
WW,k
r,WW
)]
, (3.289)
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G
C−
WW,k
r,WW = 4mχ+
k
s
(
4
(
2mW
2 − s) s+ (4mχ+
k
2
(
2mW
2 − s) s+ 8mW 4 (2 s− 3σ2)
− 2mW 2 s
(
δ2 + 2 δ σ − 3σ2)+ s2 (δ2 + 2 δ σ − σ2))
× F
[
s, σ, δ,m2W ,m
2
W ,mχ+
k
2
])
, (3.290)
G
C+
WW,k
r,WW = σ
(
4 s
(
16mW
4 + 4mχ+
k
2
(
2mW
2 + s
)
+ s
(
2 s − (δ + σ)2
)
− 2mW 2
(
2 s+ (δ + σ)2
))
+
(
−64mW 6 s+ 16mχ+
k
4 s
(
2mW
2 + s
)
+ 8mW
4
(
4 s2 + s (δ − σ)2 − 2 δ2 σ2
)
+ s2
(
δ4 − 8 s δ σ + 4 δ3 σ + 2 δ2 σ2 + 4 δ σ3 + σ4)
+ 2mW
2 s
(
δ4 + 4 δ3 σ + 14 δ2 σ2 + 4 δ σ3 + σ4
+ s
(−6 δ2 + 4 δ σ − 6σ2))+ 8mχ+
k
2 s
(
4mW
4 + s
(
2 s − (δ + σ)2
)
− 2mW 2
(
s+ (δ + σ)2
)))
F
[
s, σ, δ,m2W ,m
2
W ,mχ+
k
2
])
, (3.291)
where we have used the following coupling functions
C±WW,k = C
χ+
k
χ0jW
−
V
(
C
χ+
k
χ0iW
−
V
)∗
± Cχ
+
k
χ0jW
−
A
(
C
χ+
k
χ0iW
−
A
)∗
; (3.292)
Z-chargino cross term:
ω˜
(Z−χ±)
WW = −
2∑
k=1
Re



 CWWZCχ0iχ0jZZ
s−m2Z + imZΓZ

 1
96m4W s
×
(
D−WW,kG
D−
WW,k
Z,WW +D
+
WW,kG
D+
WW,k
Z,WW
)]
, (3.293)
G
D−
WW,k
Z,WW = 24mχ+
k
s δ
(
48mW
4 − 4 s2 +
(
−48mW 6 +mχ+
k
2
(
48mW
4 − 4 s2)
− 4mW 4
(
14 s+ 3 δ2 + 6 δ σ − 17σ2)+ 4mW 2 s (4 s− 3σ2)
+ s2
(
δ2 + 2 δ σ − σ2)) F [s, σ, δ,m2W ,m2W ,mχ+
k
2
])
, (3.294)
G
D+
WW,k
Z,WW = − 4
(
−192mW 6 s+ 48mχ+
k
4
(
2mW
2 − s) s
+ 6mW
2 s
(
24 s2 + δ4 + 4 δ3 σ − 6 δ2 σ2 + 4 δ σ3 + σ4
+ 4 s
(
2 δ2 − 2 δ σ − 3σ2))− s2 (−8 s2 + 3 δ4 + 12 δ3 σ + 10 δ2 σ2
+ 12 δ σ3 + 3σ4 + 2 s
(
δ2 − 6 δ σ + σ2))
− 8mW 4
(
28 s2 + 10 δ2 σ2 + s
(−7 δ2 + 6 δ σ + 11σ2))
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+ 24mχ+
k
2 s
(
4mW
4 +mW
2
(
4 s − 2 (δ + σ)2
)
+ s
(
−s+ (δ + σ)2
)))
− 3
(
256mW
8s+ 64mχ+
k
6
(
2mW
2 − s) s
+ s2(δ + σ)2
(
δ4 − 8 s δ σ + 4δ3 σ + 2δ2σ2 + 4δ σ3 + σ4)
+ 32mW
6
(
16s2 + 2 δ2 σ2 + s
(
δ2 + 6 δ σ − 5σ2))
− 2mW 2s
(
64s2 δ σ +
(
δ2 − σ2)2 (δ2 + 6 δ σ + σ2)
+ 4 s
(
2 δ4 − δ2 σ2 − 10 δ σ3 − 3σ4))− 16mW 4 (−(δ2σ2 (δ + σ)2)
+ 5s2
(
δ2 − 2 δ σ + 3σ2)+ s (δ4 + 2 δ3 σ − 11 δ2 σ2 − 4 δ σ3 − 2σ4))
+ 16mχ+
k
4 s
(
2mW
2
(
8 s− 3 (δ + σ)2
)
+ s
(
−4 s + 3 (δ + σ)2
))
− 4mχ+
k
2
(
96mW
6 s+ 16mW
4
(
5 s2 − s δ2 + 2 s σ2 + δ2 σ2)
− 2mW 2 s
(
32 s2 + 3 δ4 + 12 δ3 σ + 2 δ2 σ2 + 12 δ σ3 + 3σ4
− 4 s σ (8 δ + 5σ)) + s2 (3 δ4 + 12 δ3 σ + 14 δ2 σ2 + 12 δ σ3 + 3σ4
− 4 s (δ2 + 4 δ σ + σ2)))) F [s, σ, δ,m2W ,m2W ,mχ+
k
2
]
, (3.295)
where we have used the following coupling functions
D±WW,k = C
χ+
k
χ0jW
−
A
(
C
χ+
k
χ0iW
−
V
)∗
± Cχ
+
k
χ0jW
−
V
(
C
χ+
k
χ0iW
−
A
)∗
. (3.296)
χ
0
i χ
0
j → ZZ
Contributions to ω˜ come from s-channel Higgs boson exchange, t- and u-channel neutralino
exchange and cross terms
ω˜χ0iχ0j→ZZ = ω˜
(h,H)
ZZ + ω˜
(χ0)
ZZ + ω˜
(h,H−χ0k)
ZZ : (3.297)
S-channel CP-even Higgs boson (h,H):
ω˜
(h,H)
ZZ =
∑
r=h,H
∣∣∣∣ CZZrC
χiχjr
S
s−m2r + imrΓr
∣∣∣∣
2 (
s− σ2) (s2 − 4sm2Z + 12m4Z)
16m4Z
; (3.298)
T- and U-channel neutralino:
ω˜
(χ0)
ZZ =
1
2m4Z
4∑
k,l=1
[
mχ0
k
mχ0
l
IZZkl +mχ0
k
JZZkl +K
ZZ
kl
]
, (3.299)
where
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IZZkl =
(
CD,−ZZ,P
(
s− 4m2Z
) T2 +GI,T (1)ZZ T1 +GI,T (0)ZZ T0
+ CD,−ZZ,P
(
s− 4m2Z
)Y2 +GI,Y (0)ZZ Y0) (s, σ, δ,m2Z ,m2Z ,m2χ0
k
,m2χ0
l
) , (3.300)
JZZkl =
(
3m2Z
(
C+−ZZ σ +D
+−
ZZ δ
) T2 +GJ,T (1)ZZ T1 +GJ,T (0)ZZ T0
− (C+−ZZ σ +D+−ZZ δ) (s−m2Z)Y2 +GJ,Y (1)ZZ Y1
+ G
J,Y (0)
ZZ Y0
)
(s, σ, δ,m2Z ,m
2
Z ,m
2
χ0
k
,m2χ0
l
) , (3.301)
KZZkl =
(
−CD,+ZZ,PT4 − CD,+ZZ,P
(
s− σ2 − δ2 − 2m2Z
) T3
+ G
K,T (2)
ZZ T2 +GK,T (1)ZZ T1 +GK,T (0)ZZ T0
+ CD,+ZZ,M Y4 +GK,Y (2)ZZ Y2 +GK,Y (0)ZZ Y0
)
(s, σ, δ,m2Z ,m
2
Z ,m
2
χ0
k
,m2χ0
l
) ,
(3.302)
G
I,T (1)
ZZ =
1
2
(
CD,−ZZ,P
(
16mZ
4 − s (δ2 + σ2)+ 4mZ2 (−2 s+ δ2 + σ2))) , (3.303)
G
I,T (0)
ZZ =
1
16
(
CD,−ZZ,P
(
−64mZ6 + s
(
δ2 − σ2)2 + 4mZ2 (4 s− δ2 − σ2) (δ2 + σ2)
+ 8mZ
4
(
8 s − 5 (δ2 + σ2)))+ 72mZ4 (δ2 − σ2)CD,−ZZ,M) , (3.304)
G
I,Y (0)
ZZ =
1
16
(
CD,−ZZ,P
(
−64mZ6 + s
(
δ2 − σ2)2 + 8mZ4 (δ2 + σ2)
+ 4mZ
2
(
2 s − δ2 − σ2) (δ2 + σ2))
+ 4
(
6mZ
4 + 4mZ
2 s− s2) (δ2 − σ2)CD,−ZZ,M) , (3.305)
G
J,T (1)
ZZ = −
3
2
m2Z
(
D+−ZZ δ + C
+−
ZZ σ
) (−2mZ2 + σ2) , (3.306)
G
J,T (0)
ZZ =
3m2Z
16s
(
D+−ZZ δ
(−32mZ4 s+ 4mZ2 (s δ2 + 7 s σ2 − 4 δ2 σ2)
+ s
(−δ2 + σ2)2)+C+−ZZ σ (−32mZ4 s
+ 4mZ
2
(
7 s δ2 + s σ2 − 4 δ2 σ2)+ s (−δ2 + σ2)2)) , (3.307)
G
J,Y (1)
ZZ = −
1
2
(
3m2Z − 2s
) (
D+−ZZ δ + C
+−
ZZ σ
)
(3.308)
G
J,Y (0)
ZZ =
1
16s
(
C+−ZZ σ
(
16mZ
6 s− s2 (δ2 − σ2)2
− 8mZ4
(
s
(
11 s − 9 δ2)− 2 (s− δ2) σ2)
+ mZ
2 s
(
16 s2 + δ4 − 18 δ2 σ2 + σ4 − 4 s (δ − σ) (δ + σ)))
+ D+−ZZ δ
(
16mZ
6 s− s2 (δ2 − σ2)2
− 8mZ4
(
11 s2 − 2 s δ2 − 9 s σ2 + 2 δ2 σ2)
+ mZ
2 s
(
16 s2 + δ4 − 18 δ2 σ2 + σ4 + 4 s (δ − σ) (δ + σ)))) , (3.309)
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G
K,T (2)
ZZ = −
1
8s
CD,+ZZ,P
(
40mZ
4 s+ s
(
3 δ4 + 2 δ2 σ2 + 3σ4 − 4 s (δ2 + σ2))
− 4mZ2
(
8 s2 + 4 δ2 σ2 − 3 s (δ2 + σ2))) , (3.310)
G
K,T (1)
ZZ =
1
16s
(
CD,+ZZ,P
(
128mZ
6 s− s (s− δ2 − σ2) (δ2 − σ2)2
− 32mZ4
(
2 s2 − δ2 σ2)− 2mZ2 (8 s2 (δ2 + σ2)+ 8 δ2 σ2 (δ2 + σ2)
− s (3 δ4 + 10 δ2 σ2 + 3σ4)))+ 72mZ4 s (δ2 − σ2)CD,+ZZ,M) , (3.311)
G
K,T (0)
ZZ = −
1
256s2
CD,+ZZ,P
(
1024mZ
8 s2 + s2
(
δ2 − σ2)4
− 256mZ6 s
(−4 δ2 σ2 + s (δ2 + σ2))
+ 8mZ
2 s
(
δ2 − σ2)2 (−4 δ2 σ2 + s (δ2 + σ2))
− 16mZ4
(−16 δ4 σ4 + 8 s δ2 σ2 (δ2 + σ2)
+ s2
(
3 δ4 + 26 δ2 σ2 + 3σ4
)))
, (3.312)
G
K,Y (2)
ZZ =
1
8s
(
CD,+ZZ,P
(
8mZ
4 s+ s
(
δ2 − σ2)2 +m2Z (−32s2 + 16δ2σ2)
+ 2CD,+ZZ,M s
(
4m2Z − s
) (
δ2 − σ2))) , (3.313)
G
K,Y (0)
ZZ =
1
256s2
(
CD,+ZZ,P
(
s2
(
δ2 − σ2)4 − 32mZ2 s (δ2 − σ2)2 (2 s2 − δ2 σ2)
− 512mZ6 s
(
4 s2 − δ2 σ2 − s (δ2 + σ2))
+ 16mZ
4
(
16 δ4 σ4 + 48 s3
(
δ2 + σ2
)− s2 (9 δ4 + 94 δ2 σ2 + 9σ4)))
+ CD,+ZZ,M
(
−4 s2 (δ2 − σ2) (32mZ6 + s (δ2 − σ2)2
+ 4mZ
2
(
2 s − δ2 − σ2) (δ2 + σ2)+ 8mZ4 (−6 s+ δ2 + σ2)))) , (3.314)
where we have used the following coupling functions
CD,±ZZ,P = C
±
ZZ,k
(
C±ZZ,l
)∗
+D±ZZ,k
(
D±ZZ, l
)∗
, (3.315)
CD,±ZZ,M = C
±
ZZ,k
(
C±ZZ,l
)∗
−D±ZZ,k
(
D±ZZ, l
)∗
, (3.316)
C+−ZZ = C
+
ZZ,k
(
C−ZZ,l
)∗
+ C−ZZ,k
(
C+ZZ,l
)∗
, (3.317)
C−+ZZ = C
+
ZZ,k
(
C−ZZ,l
)∗
− C−ZZ,k
(
C+ZZ,l
)∗
, (3.318)
D+−ZZ = D
+
ZZ,k
(
D−ZZ, l
)∗
+D−ZZ,k
(
D+ZZ, l
)∗
, (3.319)
D−+ZZ = D
+
ZZ,k
(
D−ZZ, l
)∗
−D−ZZ,k
(
D+ZZ, l
)∗
, (3.320)
C±ZZ,k = C
χ0
k
χ0jZ
V
(
C
χ0
k
χ0iZ
V
)∗
± Cχ
0
k
χ0jZ
A
(
C
χ0
k
χ0iZ
A
)∗
, (3.321)
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C±ZZ,l = C
χ0
l
χ0jZ
V
(
C
χ0
l
χ0iZ
V
)∗
± Cχ
0
l
χ0jZ
A
(
C
χ0
l
χ0iZ
A
)∗
, (3.322)
D±ZZ,k = C
χ0
k
χ0jZ
A
(
C
χ0
k
χ0iZ
V
)∗
± Cχ
0
k
χ0jZ
V
(
C
χ0
k
χ0iZ
A
)∗
, (3.323)
D±ZZ, l = C
χ0
l
χ0jZ
A
(
C
χ0
l
χ0iZ
V
)∗
± Cχ
0
l
χ0jZ
V
(
C
χ0
l
χ0iZ
A
)∗
; (3.324)
Higgs (h, H)-neutralino cross term:
ω˜
(h,H−χ0k)
ZZ = −
∑
r=h,H
4∑
k=1
Re



 ∑
r=h,H
CZZrC
χ0iχ
0
jr
S
s−m2r + imrΓr

 1
32m4Zs
×
(
C−ZZ,kG
C−
ZZ,k
r,ZZ + C
+
ZZ,kG
C+
ZZ,k
r,ZZ
)]
, (3.325)
G
C−
ZZ,k
r,ZZ = 4mχ0k
s
(
4 s
(−2mZ2 + s)+ (4mχ0
k
2 s
(−2mZ2 + s)− 8mZ4 (2 s− 3σ2)
+ 2mZ
2 s
(
δ2 − 3σ2)+ s2 (−δ2 + σ2)) F [s, σ, δ,m2Z ,m2Z ,mχ0
k
2
])
, (3.326)
G
C+
ZZ,k
r,ZZ = − σ
(
4 s
(
16mZ
4 + 4mχ0
k
2
(
2mZ
2 + s
)
+ s
(
2 s − δ2 − σ2)− 2mZ2 (2 s+ δ2 + σ2))
+
(
−64mZ6 s+ 16mχ0
k
4 s
(
2mZ
2 + s
)
+ s2
(
δ2 − σ2)2
+ 8mχ0
k
2 s
(
4mZ
4 + s
(
2 s− δ2 − σ2)− 2mZ2 (s+ δ2 + σ2))
+ 8mZ
4
(
4 s2 − 4 δ2 σ2 + s (3 δ2 + σ2))
+ 2mZ
2 s
(
δ4 + 6 δ2 σ2 + σ4 − 2 s (δ2 + 3σ2)))
× F
[
s, σ, δ,m2Z ,m
2
Z ,mχ0
k
2
])
, (3.327)
where we have used the following coupling function
C±ZZ,k = C
χ0
k
χ0jZ
V
(
C
χ0
k
χ0iZ
V
)∗
±Cχ
0
k
χ0jZ
A
(
C
χ0
k
χ0iZ
A
)∗
. (3.328)
χ
0
i χ
0
j → f f¯
Contributions to ω˜ come from s-channel Z and Higgs boson (both CP-even and CP-odd)
exchanges, t- and u-channel sfermion exchange and cross terms
ω˜χ0iχ0j→ff¯ = ω˜
(h,H)
ff¯
+ ω˜
(A)
ff¯
+ ω˜
(Z)
ff¯
+ ω˜
(f˜)
ff¯
+ ω˜
(h,H−f˜)
ff¯
+ ω˜
(A−Z)
ff¯
+ ω˜
(A−f˜)
ff¯
+ ω˜
(Z−f˜)
ff¯
: (3.329)
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S-channel CP-even Higgs boson (h,H):
ω˜
(h,H)
ff¯
=
∑
r=h,H
∣∣∣∣∣ C
ffr
S C
χiχjr
S
s−m2r + imrΓr
∣∣∣∣∣
2 (
s− σ2) (s− 4m2f) ; (3.330)
S-channel CP-odd Higgs boson A:
ω˜
(A)
ff¯
=
∣∣∣∣∣ C
ffA
P C
χiχjA
P
s−m2A + imAΓA
∣∣∣∣∣
2
s
(
s− δ2) ; (3.331)
S-channel Z boson:
ω˜
(Z)
ff¯
=
∣∣∣∣ 1s−m2Z + imZΓZ
∣∣∣∣
2 2
3m4Z
×
(
2
∣∣∣CχiχjZV ∣∣∣2m4Z
(∣∣∣CffZA ∣∣∣2 (s− 4m2f)+ ∣∣∣CffZV ∣∣∣2 (s+ 2m2f)
) (
2s+ σ2
)
+ 2
∣∣∣CχiχjZA ∣∣∣2
(∣∣∣CffZV ∣∣∣2m4Z (s+ 2m2f) (s− σ2)
+
∣∣∣CffZA ∣∣∣2 (sm4Z (s− σ2)+m2f (3s2σ2 − 6sm2Zσ2 −m4Z (4s − 7σ2)))
)
− δ
(∣∣∣CχiχjZA ∣∣∣2
(∣∣∣CffZV ∣∣∣2m4Z (s+ 2m2f) (5σ − 2δ)
+
∣∣∣CffZA ∣∣∣2 (sm4Z (5σ − 2δ) + 2m2f (m4Z (4δ − 13σ) + 6sm2Zσ − 3s2σ))
)
+
∣∣∣CχiχjZV ∣∣∣2
(∣∣∣CffZV ∣∣∣2m4Z (s+ 2m2f) (5σ + 4δ) + ∣∣∣CffZA ∣∣∣2 (sm4Z (5σ + 4δ)
− 2m2f
((
3s2 − 6sm2Z + 7m4Z
)
(σ + 2δ) + 6m4Zσ
)))))
; (3.332)
T- and U-channel sfermion:
ω˜
(f˜)
ff¯
=
1
8
∑
a,b
[(
Cab+{ij} +D
ab
−{ij}
)
T2
− 1
2
((
Cab+{ij} +D
ab
−{ij}
) (
4m2f + σ
2 + δ2
)
+ 4C˜ab+{ij}mfσ − 4D˜ab−[ij]mfδ
)
T1
+
1
16
G
T (0)
f¯ f
T0 +Bab−{ij}Y2 +
1
2
mf
(
B˜ab−[ij]δ − A˜ab−{ij}σ
)
Y1
+
1
16
G
Y (0)
f¯ f
Y0
]
(s, σ, δ,m2f ,m
2
f ,m
2
f˜a
,m2
f˜b
) ,
(3.333)
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G
T (0)
f¯ f
= − 8mf
(
2Cab−{ij}mf
(
δ2 − σ2)+ 2Dab+{ij}mf (δ2 − σ2)
− C˜ab+{ij} σ
(
4mf
2 − δ2 + σ2)+ D˜ab+[ij] δ (4mf 2 + δ2 − σ2))
+ Cab+{ij}
(
16mf
4 +
(
δ2 − σ2)2 + 8mf 2 (δ2 + σ2))
+ Dab−{ij}
(
16mf
4 +
(
δ2 − σ2)2 + 8mf 2 (δ2 + σ2)) , (3.334)
G
Y (0)
f¯ f
= Bab−{ij}
(
16m4f +
(
σ2 − δ2)2)
+ 4
(
2Aab−{ij}m
2
f
(
2s− σ2 − δ2)+Aab+{ij} (s− 2m2f) (σ2 − δ2)
+ 2mf
(
A˜ab+{ij}σ
(
s− δ2)− B˜ab+[ij]δ (s− σ2)+Bab+{ij}mf (σ2 − δ2))) ;
(3.335)
Higgs (h, H)-sfermion cross term:
ω˜
(h,H−f˜)
ff¯
=
1
8
∑
b
Re

 ∑
r=h,H
CffrS C
χ0iχ
0
j r
S
s−m2r + imrΓr
(
2mf σ C
b
+{ij}
(
4 +
(
4mf˜b
2 − 4mf 2
+ 2 s− δ2 − σ2)F [s, σ, δ,m2f ,m2f ,mf˜b2
])
+ Db+{ij}
(
4 s +
(
4mf
2
(
s− 2σ2)+ s (4mf˜b2 − δ2 + σ2
))
× F
[
s, σ, δ,m2f ,m
2
f ,mf˜b
2
]))]
;
(3.336)
Higgs (A)-Z cross term:
ω˜
(A−Z)
ff¯
= Re



 CffAP Cχ0iχ0jAP
s−m2A + imAΓA


∗
 CffZA Cχ0iχ0jZA
s−m2Z + imZΓZ



 4σmf
m2Z
(
s− δ2) (m2Z − s) ;
(3.337)
Higgs (A)-sfermion cross term:
ω˜
(A−f˜)
ff¯
= − 1
8
∑
a
Re

 CffAP Cχ0iχ0jAP
s−m2A + imAΓA
×
(
Ca+{ij}
(
4mf
(
s− δ2) σF [s, σ, δ,m2f ,m2f ,mf˜a2
])
+ Da+{ij}
(
s
(
−4 +
(
−4mf˜a2 + 4mf 2 − δ2 + σ2
)
× F
[
s, σ, δ,m2f ,m
2
f ,mf˜a
2
])))]
; (3.338)
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Z-sfermion cross term:
ω˜
(Z−f˜)
ff¯
=
1
4m2Z
∑
a
Re
[
1
s−m2Z + imZΓZ
(
CffZA C
χ0iχ
0
jZ
A Z
(+)f¯f
a + C
ffZ
V C
χ0iχ
0
jZ
A Z
(−)f¯ f
a
)]
,
(3.339)
where
Z(+)f¯fa = − 4Da+{ij}mf
(−3mZ2 + s) σ + Ca+{ij}mZ2 (−4mf˜a2 + 4mf 2 + 2 s + δ2 + σ2
)
− 1
4
(
4Da+{ij}mf σ
(
4m2f
(
3mZ
2 − s)− 4m2Z s+ 4mf˜a2 (−3m2Z + s)
+ δ2m2Z + δ
2 s+ 3m2Zσ − σ2 s
)
− Ca+{ij}
(
16m4f m
2
Z − 8m2f
(
4mf˜a
2m2Z + 2σ
2
(
s− δ2)+m2Z (2s+ δ2 − 5σ2))
+ m2Z
(
16mf˜a
4 +
(
δ2 − σ2) (4s− δ2 − σ2)− 8mf˜a2 (δ2 + σ2)
)))
× F
[
s, σ, δ,m2f ,m
2
f ,m
2
f˜a
]
, (3.340)
Z(−)f¯fa = 4D
a
−[ij]mfδ + C
a
−{ij}mZ
2
(
−4mf˜a2 + 4mf 2 + 2 s+ δ2 + σ2
)
− 1
4
(
Ca−{ij}mZ
2
(
16mf˜a
4 + 16mf
4 + 16mf
2 s+ 4 s δ2 + δ4 − 4 s σ2
− 2 δ2 σ2 + σ4 + 8mf 2
(
δ2 − σ2)− 8mf˜a2 (4mf 2 + δ2 + σ2)
)
+ 4Da−[ij]mfδ
(
4m2f − 4mf˜a2 + 4 s + δ2 − 5σ2
))
× F
[
s, σ, δ,m2f ,m
2
f ,m
2
f˜a
]
,
(3.341)
Any symmetric or antisymmetric coupling function is defined F{ij} = Fij + Fji or
F[ij] = Fij − Fji. In the above expressions we have used
Aab±ij = C
a
+ijC
b
+ij ±Ca−ijCb−ij , (3.342)
A˜ab±ij = C
a
+ijD
b
+ij ±Da+ijCb+ij , (3.343)
Bab±ij = D
a
+ijD
b
+ij ±Da−ijDb−ij , (3.344)
B˜ab±ij = C
a
−ijD
b
−ij ±Da−ijCb−ij , (3.345)
Cab±ij = C
a
+ijC
b
+ji ±Ca−ijCb−ji , (3.346)
C˜ab−ij = C
a
+ijD
b
+ji ±Da+ijCb+ji , (3.347)
Dab±ij = D
a
+ijD
b
+ji ±Da−ijDb−ji , (3.348)
D˜ab±ij = C
a
−ijD
b
−ji ±Da−ijCb−ji , (3.349)
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Ca±ij = Λ
(f)L
nai
(
Λ
(f)L
naj
)∗
± Λ(f)Rnai
(
Λ
(f)R
naj
)∗
, (3.350)
Da±ij = Λ
(f)L
nai
(
Λ
(f)R
naj
)∗
± Λ(f)Rnai
(
Λ
(f)L
naj
)∗
. (3.351)
4. Conclusions
We have presented exact cross section expressions for all tree level two body final state
processes χiχj → X. No approximations have been made in these calculations except for
ignoring most CP-violating couplings in the SUSY sector. These calculations are useful
in the proper determination of the neutralino relic density, specifically in the application
of any constraint on the dark matter density similar to 0.1 < Ωχh
2 < 0.3. The dark
matter density constraint can be used to rule out large portions of parameter space for
many models of broken supersymmetry. Our results encompass the standard calculation,
in which both initial state particles are the LSP (i = j = 1). Furthermore, our results
also allow inclusion of all tree level contributions from coannihilation at least one of the
initial state particles is not the LSP (i and/or j 6= 1). Such coannihilation contributions
are important in mSUGRA models when the higgsino component of the lightest neutralino
is significant and are also important in string-derived models with non-universal gaugino
masses.
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